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PREFACE 



This work is intended to form a sjrstematic course of instruction 
in ** Electrical Testing" connected with Physics and Electrical 
Engineering. It is difficult, if not well-nigh impossible, to draw 
any distincrive line between a vast number of experimental 
investigations in that branch of Physics termed " Electricity and 
Magnetism ** and the more elemeataiy portions of Electrical 
Enginecong. In fact, the latter may be regarded as the develop- 
ment of the former and almost entirely dependent on it Thus 
the author has little hesitation in recommending the following 
course of experimental work as eminently suitable for constituting 
Uie electrical laboratory practice in the first and second years of 
a complete course in Electrical Engineermg as well as in Physics. 
The author includes in a separate work a large variety of tests in 
advanced electrical engineering work, such as might well constitute 
the kttei part of a complete course of instruction in this branch 
of industry. As far as has been practicable, the experimental 
investigations have been arranged in the order in which they may 
be worked, but exceptions have arisen owing to the advisability 
of keeping certain tests of a similar nature together* The 
arrangement adopted is in a measure similar to that which has 
been in use for some years past at the Central Technical College 
of the City and Guilds of Lend on » but is a considerable extension 
of that arrangement. I'he author has endeavoured to make the 
several tests as complete and descriptive as possible, and in 
addition to the " Introduction " of each, which contains the 
princifxil theoretical considerations pertaining to the test, condensed 
as latich as possible, a complete digest of the method of performing 
the experiment with a diagram of apparatus and connections, 
lepresenlcd symbolically, and the most convenient and suitable 
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form in which the results should be tabulated, are given, together 
with " Inferefues " to be deduced. These latter, if conscientiously 
worked out, are calculated to cause the experimenter to think and 
reason for himself. Following the series of tests is an Appendix 
containing the algebraical solutions of the various formulae used 
in the tests, and these the student is strongly recommended not to 
refer to until he has tried by all the meahs in his power to solve 
the inference for himself. The Appendix also contains complete 
descriptions and sketches of almost all the apparatus which may 
be employed in carrying out the tests, and it is such as will be 
found, to a large extent, in almost every college and testing- 
room. Useful tables and data, which are constantly needed in 
physical and electrical engineering work, are added at the end 
of the book. 

It is sincerely hoped that the general arrangement of the present 
work will be found both helpful and conducive to systematic and 
valuable results. 

A considerable amount of the apparatus illustrated has been 
constructed by the mechanical assistants, Messrs. John VVatkinson 
and Herbert Addy, of the Physical and Electrical Engineering 
Departments of the Yorkshire College respectively. 

In conclusion, I wish to express my sincere thanks to my. 
valued friend Mr. Charles Mercer, M.A., for the very consider- 
able amount of trouble he has taken in producing the greater 
proportion of the photographs from which the illustrations are 
obtained, to Dr. John Henderson for permission to use the tables 
of squares and reciprocals of numbers, to Mr. S. Joyce for 
allowing me to use his tables of sines and tangents, to Messrs. 
Kelvin & James White for permission to use the table of doubled 
square roots, to Her Majesty's Stationery Office for allowing me 
to use the tables of logarithms and antilogarithms, and also to 
Messrs. Nalder Bros. & Co., R- W. Paul, Kelvin & James White, 
and W. & J. George for their kindness in lending me the blocks 
of some of the illustrations of the very excellent apparatus made 
by them. 

G. D. A. P. 

The Yorkshire College, Leeds. 
January y 1 901. 
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PRACTICAL 
ELECTRICAL TESTING 



1. Curve Plotting. 

Introduction.^It is of jmramount importance in a great many 
kinds of work* but [Perhaps more esjiecraily in physics and 
electrical engineering, to thoroughly grasp, firstly, the great con- 
venience, advanlagt, and practical utility of represt^nting the 
results of any experiment, wiien possibiL* graphically (as well as 
in tabular form), by means of a cuwe, which will show the varia- 
tion of one quantity with another; secondly, tht* method of 
accurately and rapidly plotting such curves to the most convenient 
scales for future reference* 

By means of a curv^e, the way in which two quantities vary 
together can not only be seen at a glance far more easily than 
from the table of results, but there is the enormous advantage that 
any intermediate values between those actually obtained from 
experiment can be easily, quickly, and accurately deduced, pro- 
viding the cun'e is drawn as it should be. In order to more fully 
iilustiate the method and principles involved in plotting curves, 
tables of results obtained from two totally different experiments, 
together with their corresponding curves drawn on squared curve 
paper, are shown in Figs* i and 2. 

lfistru€tions.^(i) After having neatly entered up the re- 
suJls of the experiment in a '^* finished " table, m^f^ tarc/uUy the 
magnitudes of the two sets of quantities to be plotted, and on 
which axes OA and OB (Figs. 1 and 2) each is to be plotted. 
Distances m^sured from OB along lines parallel to OA are called 
"^dmafcs,'* those parallel to OB being termed " alfsassa,'' 

(2) Choose the numerical value of the lengths of the axes so 

B 
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as to obtain as large a curve as possible, for this will enable it to 
be drawn more accurately, and will magnify experimental errors 
and the desired result. 

(3) Number the axes at well-defined and equal intervals^ and 
at no other points, choosing as convenient a scale as possible for 
readily reckoning intermediate values. 

(4) Write along each axis the denomination of the quantity 
plotted thereon, as shown in Figs, i and 2. 

(5) Plot the points by mentally following out the right axes to 
their point of intersection, using a convenient notation for the 
points. Thus, if several curves are to be plotted on the same 
sheet of curve paper, they may or may not be very close together, 
and even cross one another. Hence, to avoid confusion, the 
following notation for points might be used : — 

X X X X X X 

000O0O 
9 9 9^^9 
□ QQGEIE} 

^ ^ A A A ^ 

(6) Draw a probable or mean airve through as many of the 
points as possible in the way shown (Figs, i and 2), endeavouring 
to get as many of the erroneous points on one side of the curve as 
on the other, but, of course, as many on the curve itself as possible. 

Note. — ^The curve line should be thin and clear, and, unless 
otherwise authorized, the curve sheet must bear no otlicr numbers 
than those mentioned in (3) above. 

On no account should any other curve than the mean one be 
drawn. Some of the points, all of which, whether erroneous or 
not, must be plotted, are sure to be experimental errors, and 
would give an irregular and erroneous curve if the latter was 
drawn through all of them. Thus we see that a curve corrects 
experimental observations, and in addition enables the nature of 
the law of the instrument to be observed. 

Fig. I shows the relation between the deflection and current 
producing it in a certain galvanometer. 

Fig. 2 shows that between the magnetic induction produced in 
a sample of iron and the magnetizing force causing it. 

The first-named is what is called the ^^ relative'' calibration 
curve of the galvanometer. If, however, the values of current, r, 
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were in amperes, it would be the " absolute " calibration curve of 
the instrument. 



Table I. 



Current, 


Deflection, 


C. 


D. 


0-00025 


.-.5 


000050 


250 


0*00100 


425 


0*00143 


700 


0*00200 


10*50 


0*00250 


12*50 


000333 


17-50 


0*00400 


19*15 


0*00450 


22*50 


0*00500 


25-50 
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Table II. 



Induction, 


Magnetizing ■ 


B. 


force, H. 


5.000 


3*2 


6,000 


3*9 


7,000 


60 


8,000 


§*^ 


9,000 


6*3 


10,000 


6*1 


11,000 


8*5 


12,000 


10*6 


12,500 


lO'O 


13*000 


14*4 


«3,5oo 


20 -o 


14,000 


22*5 


14,500 


320 


15.000 


37-5 


16,000 


580 
88*0 


16,500 
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2. Delineation of Lines of Mag:netic Force 
(Compass- Needle Method). 

Introduction. — In the medium surrounding any magnetic 
body whatsoever a " magnetic field " of force always exists, and 
the direction in which a free north pole would move when acted 
on by such a field is termed a " line of magnetic forced Now, the 
magnetic field in the vicinity of, for instance, a bar magnet con- 
sists of a large number of " lines of force," each forming a closed 
curve or loop, and the intensity of such a field will be represented 
by the number of lines emerging from one-half of the magnet 
which pass through the surrounding air and enter the other half of 
the magnet, thus completing their paths through the magnet. Thus, 
a line of force denotes the direction of the force acting on a north 
pole placed in the field, and to find this direction, i,e, that in 

which a north pole would move if free 
J ^ to do so, we may proceed as follows, 

^"'*^'» V assuming that the " law of inverse 

squares " holds good, namely, that the 
force exerted between two magnetic 
poles, whether of attraction or repul- 
sion, is inversely proportional to the 
square of the distance between them. 
Fig. 3. Then, referring to Fig. 3, the force 

acting on' the free north pole at P due to N is oc - >^ , and may 

be taken as P;/, direction of which will be along NP produced. 

Now, S exerts on the north pole at P an attractive force oc /g^^, 

(NP)2 
which must be denoted by a line = P// . ..^ = P^. Hence, 

the free pole at P being acted on by two forces, P// and Pj, will 
have a resultant force represented, in magnitude and direction, by 
the diagonal PQ of the parallelogram, of which P/z and Ys are 
adjacent sides, and so on for the rest. Thus PQ, QR, RT . . . 
form elements of the line of force, which will eventually reach the 
south pole of the magnet. We cannot, however, separate a north 
pole from its conjugate south pole in practice ; but, notwithstanding 
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S5^ short compass needle will take up positions represented by 
those elements of the line of force with which its magnetic axis will 
a>iiicide» and hence enable the whole line to be mapped out* It 
must be clearly understood that the earth's field will modify the 
distribution of the field due to the magnet, as also would any other 
field J and the object of the present experiment is to determine the 
distribution of the lines of force when so acted upon- 

Apparatus. — Short bar magnet, small compass needle, large 
sheet of drawing-pai>er, and drawing-pins. 

Observations.— ^( I ) Pin the drawing-paper to the table or 
a drawing-board, with one of its sides parallel to the magnetic 
meridian of the earth. 

^2) Place the bar magnet near one side of the paper with 
its magnetic axis parallel to the meridian, and its N* pole pointing 
toward-s the N. geographical pole of the earthy and make a pencil 
line roujid it at a distance of say about i cm. 

N.B. — ^The magnetic N, pole of the earth, though not actually 
coincident, is practically the same as the S. geographical pole. 

(3) Divide the long sides of the line into about six equal parts, 
and the end or short lines into about four equal parts, and place 
the compass so that one end (call it A) is just opposite or over 
one of the marks, o* Then make a pencil point or mark, i , just 
opposite the other end (call it B) of the needle, 

(4) NeKt slide the compass along in the direction it points 
until end A is over mark 1 ; then make another fresh mark, 2, 
just opposite end B, and so on until the whole curve 01234... 
is nnappcd out* Then draw a neat curve through al! these points. 

(5) Repeat (2)-(4), starting from each of the other marks on 
the rectangular line. 

(6) Repeat {2)-{$) with die magnet placed near the other 
side of the paf>er, but reversed so that its S. pole now points 
toward the N. geographical pole of the earth. 

Inferences-— What can you infer from the respective distri- 
butions of the Imes? Point out their hearing on fundamental 
principles involved with magnetic poles. 
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3. Distribution of Magnetism in Bar Magnets 
(Method of Oscillations). 

Introduction. — From the remarks and results of observa- 
tions in the last experiment, we may gather that every uniformly 
magnetized magnet possesses a region, approximately 
midway between its ends, from which no lines of force 
emerge into the air, i.e, a region at which there is no 
free magnetism, which is called the equator of the 
magnet. The intensity of magnetization or the number 
of lines of force inside the magnet is greatest here at 
this point, and diminishes towards the ends, where the 
MB amount of free magnetism is a maximum. Hence any 
— '*- external magnetic effect of the magnet on neighbouring 



'*^-*-^ bodies will be a minimum at the equator and a maximum 



S^ at the poles. Now, suppose a short magnetic needle, 
;/j, is suspended in a frame of brass, E, which can slide 
along a bar magnet, NS, and be clamped in any part 
^ by a screw, c. Then from p. 221, we see that if the 

needle oscillates in front of NS, which is placed ver- 
tically so that the magnetic axis of ns cuts it, and is also parallel 
to the magnetic meridian, then — 



r, = 2^ V 



m(h:'Vht.-"«<«-*"'>=17^ 



where T, = time of one complete oscillation in seconds of the 
needle having a moment of inertia K and magnetic moment M, 
Hb being the horizontal intensity of the earth's field, and H,„ being 
the horizontal component of the magnet's total field ; for mani- 
festly the earth's field is superimposed on that of NS, resulting in 
a total field (H,^ ± Hr) acting on ns. The + and - sign denotes 
whether the two fields are acting swnmationally or differentially 
respectively on the needle, which will depend on what half of 
NS the needle is opposite. If the north magnetic pole of the 
earth is on the left, and the south magnetic pole of the earth on 
the right of Fig. 4, then, when the needle is below the equator of NS, 
the north pole of it will point ao shown, and we evidently have a 
differential effect of the fields (H„.-HK),and the south magnetism 
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of NS will preponderate over the north magnetism of the earth. 
If the needle is above the equator^ we have a summational effect of 
the fields (H« + Hg). If n^ = number of " transits " of the 
needle per second, />. the number of times one end swings across 

2 

the magnetic meridian per second, T, = — , and the above 



formula becomes — 



47r^K;/i' 



IT . 



(H,, ± Hk) = ^-^- = j^^-. //l^ or (H^ ± H.) « n,' 

If /IS is very close to the magnet, H^ will be proportional to the 
amount of free magnetism at any point, and Hg will be equal to 

---«*, where n — number of oscillations per second in the earth's 
M 

field alone. Then, for two different positions of ns on the 

magnet on the same side of its equator, we have for summational 

effect of magnet and earth on the needle, H^, = - -- (ti^^ — ;/2), 

and for summational effect of magnet and earth on the needle, 

H^ = - -(«2^ — «^), where //, and n^ = number of transits per 
M 



second in the two positions. 


Hence- 


- 


H„. 


«.'- 


«» 


H.^ 


<- 


th 


For the diflferential effect— 






H„, 


«,» + 


.«* 


H^ 


«,'-r 


/r" 



In other words, the strengths of two single fields are propor- 
tional to the squares of the number of oscillations performed in 
each by the same suspended needle. 

Thus, by placing the needle at different parts of the magnet, 
and obtaining the number of vibrations in the same time at each, 
the squares of these will be proportional to the free magnetism at 
each. 

Observations. — (i) Remove the magnet from its supporting 
clamp (not shown), and take off the clamp E carefully. Then, 
bringing the magnet up to a compass card or other galvanometer 
needle, note the effect, and thus determine which is the north pole. 
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(2) Replace the magnet in its clamp with the N. pole upper- 
most (say). Place E at one end, and reduce the needle to com- 
plete rest. 

(3) Give the needle a motion of rotation of about 20° by 
bringing an outside magnet or piece of iron near one end. Now 
remove this and all other magnets to a distance, and count the 
number of transits, N of one end in say two minutes, /, and 
repeat this two or three times, and take the mean as being more 
accurate. 

(4) Repeat (2) and (3) for about sixteen or twenty positions of 
the clamp on the magnet right up to the other end, and differing 
by about equal amounts, carefully noting ivhere the ficcdle turns 
round. 

(5) Remove the clamp E and needle to a position quite free 
from the influence of everything except the earth's field, and note 
the number of transits in the same time, and tabulate your results 
as follows :— ^ 



Magnet : Length = cms. : section = ; transits in earth's field, m. *= per sec. 



Distance along 
magnet. 



Total transiu, 
N. 



Time, 
/ sees. 



«1. »2. «3. • • 

N, N2 N3 



H/// a («i« ^H^), 



(6) Plot a curve having values of (//,'' ± n^) as ordinates (with 
due regard to their sign, which must be reckoned -f''*', say when 
E is above the equator of the magnet, and — '" when below), and 
distances along the magnet as abscissae. 

Inferences. — What sources of error is the method liable to, 
and from your curve state where the poles of the magnet are ? 



4. Distribution of Mag:netism in Bar Mag:net5 
(Induction Ballistic Method). 

Introduction. — Coulomb's vibration method of finding the 
distribution of magnetism in a bar magnet by the rapidity of 
oscillation of a small magnetic needle placed close to and at 
diflerent parts of the magnet, is not an accurate one, owing (a) to 
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close poximity of needle to magnet altering the distribution ; 
{b) 10 inductive action of latter on the needle tcmporDrily altering 
its strength, thereby making strong and weak fields relatively 
stronger and weakt^r respectively than they really are. The 
following method, depending on Faraday's principle of induction, 
was originally used by RetSj but is commonly called Rowland's 
method* 

Apparatus. — Low-resistance ballistic mirror galvanometer^ G ; 
edith inductor, E (p. 359) i magneto-inductor, I (p. 334), consisting 
of a bobbin wound with a large number of turns of insulated wire 
of low resistance, and capable of bebg moved rapidly through a 
fixed distance along the bar magnet, M, in a frame which may be 
clani[>ed in different positions on M, If G, E, and I are in simple 
series, then on suddenly turning E through 180' so as to cut 
either ihe vertical or horij^ontal component of the earth^s field, Fj, 
the whole quantity of electricity in the transient current set up 
2N,AiF, 

K, 

where Ni = number of turns on E. Aj = iheir mean area in square 
cms, ; R| = total circuit resistance; K - ** ballistic constant ; '' and %^ 
— angular throw in degrees. If I is now suddenly slipped along, it 
w ill cut a field, F.j, consisting of the lines of force which emerge from 
the surface of the magnet at the part over which I passes. Hence 
N,F, 



<i.= 



*= K sin 1^1^ causing a first throw ^, scale-divisions, 



OA before. 



- K sin |5a°, where N^jElj^j have the same meaning 
{in absolute measure), since 






Observations, — (i) Connect up as mentioned, using the 
long flexible twin lead to connect G and E to I, which must be 
placed vertically some distance off. Adjust the spot of light to 
xeio* 

(2) Make sure, by trial, at the start that the first throw (4) on 
G, produced by letting I slip in its frame by its own weighty is just 
Oft the scale; alter the controlling magnet of G to get this if 
necessary. 

(5) Clamp the frame of I close up to one end of M, and 
oisscTve twice over for this position the first throw on G when I 
falls. Note the mean (d^ and the position (L) of I from one end. 



■i 
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In each case the spot of light must be absolately at rest prior to 
slipping. 

(4) Repeat (3) about every 4 or 5 cms. along M , and tabulate 
as follows: — 

Ni= tiin»;Ns=s cnms: Fi= C.G.S. ama; A|= sq. cms.: 

'«- dm.. ki_ j^.^j 



Poskioaoo 








Stray field, 
F, = Ki^,. 


Sign ofdeaec- 


nttgnecL. 


First. 


1 ^~-^- 


Mean.^,. 


tioo, + or -. 




1 1 



(5) Plot a curve with values of L as abscissae and F, as 
ordinates. 

(6) Find the position of the poles and distance between them 
by projecting the centre of gravity of each area on to the abscissae. 



5. Measurement of Magnetic Dip 
(Dip Circle Method). 

Introduction. — The magnetic dip at any place is the angle 
which the magnetic axis of a magnetized needle makes with a 
horizontal plane when it is free to turn about a horizontal axis 
perpendicular to the magnetic meridian. 

A magnet freed from all forces except magnetic ones would 
in the earth's magnetic field tend to point in the direction of a line 
of force at the place. This line of force, and consequently the 
magnet, will only be horizontal at or near the earth's equator. 
Hence, at any place — for instance, in the British Isles — the magnet 
will " dip " considerably. 

Errors to be avoided.— {a) Error from eccentricity, />. axis 
of rotation of needle may not coincide with centre of vertical 
circle — eliminated by reading both ends of the needle ; {b) 
magnetic axis may not coincide with axis of figure — eliminated 
by reversing the position of the axis of rotation of the needle. 
This is accomplished by rotating the box of the dip circle through 
180°; (c) C.G. may not coincide with axis of rotation needle — 
eliminated by reversing the magnetic polarity of the needle; 
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{d) rolling frictions-counteracted or minimized by gmtly tapping 
the base of the instrument. It is usually very small. 

We will now consider t)»se errors riiore in detail as follows : — 
Error (a). — In Fig. 5, I., the true dip is AO/i or BON, and 
if there is eccentricity, what we read off at one end is A0«', and 
at the other BON' ; but, since i. 11. in. 

NN' = //«', hence the mean of 
^e readings at both ends gives 
the dip corrected for this error. 
The correction is more im- 
portant in the "dip circle" 
than in most other instruments, 

because, owing to the needle 

rolling on its pivots, the axis 

shifts its position along a 

horizontal diameter of the 

graduated circle. 

Error (^).— In Fig. 5, IV. 

and v., let aB represent the 

axis of figure, and mm the 

magnetic axis. Now, it is mm which sets itself in the " line of 

dip" whereas it is aB which is observed. Therefore, in IV. we 

get too large a value for the dip. If, however, we rotate the 

instrument in azimuth through 180° about a vertical axis, we shall 

be looking at the other face, and the dip will now be too small, 

as seen by V. Hence, the mean of the two gives the position 

of the magnetic axis mm, which is what we require. 
Error (c). — In Fig. 5, II. and IN., aB is the needle, G its 

centre of gravity, and O the axis of rotation. Hence, in II. it will 

be obvious we shall get too large an angle 

of dip. If, however, the polarity of the needle 

is reversed so that the end B now dips, as 

shown in III., instead of a as before, the 

centre of gravity will now be above O, and 

hence the dip will be too small. The mean 

consequently gives the dip corrected for 

enor (c). 

If a magnetic needle is pivoted on a hori- ^^g. 6. 

zontal axis passing through its centre O, and is free to rotate in a 





H 
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vertical plane parallel to the magnetic meridian of the earth, 
then, if F = the total force, and H and V the horizontal and 
vertical components of this force due ip the earth — 

T= ^-, andV = Htan^ 
cos^° 

where ff^ = angle of dip.* 

Observations. — (i) Carefully level the instrument, if 
necessary, by means of the levelling screws and spirit level. 
Lower the needle on to the knife edges if it is resting on the 
forked clamps. 

(2) Turn the instrument in azimuth until, on gently tapping it, 
the needle lies vertically, pointing to 90° on the scale. Note the 
reading on the horizontal scale. 

(3) Now turn it in azimuth through 90° from this position 
in (2), when the needle will then be swinging in the magnetic 
meridian. 

(4) Read both ends of the needle to o*8° to avoid error {a). 

(5) Turn the instrument in azimuth through 180° and repeat (4) 
to avoid error {b), 

(6) Reverse the polarity of the needle to correct for error (r), 
by means of a solenoid and current, and repeat (i)-(5). 

N.B. — Before commencing the observations it is as well to first 
strongly re-magnetize the needle, in order to ensure maximum 
sensibility, and in all cases great care is required in removing it 
from the instrument for this purpose, in order to avoid bending or 
otherwise damaging the axis or pivots. 

(7) Tabulate all your results as follows : — 



Face of 


Reading of 


Magnetism reversed. 


Means. 


Mean of 

all the 

observations. 


instrument 
pointing 


Upper end. 


Lower end. 


Reading of 
upper end. 


Reading of 
lower end. 


East 
West 















Therefore angle of " inclination " or " dip "at = 

' For accurate work most elaborate forms of "dip circles" can be used, 
for a description of which the reader may refer to Gordon's "Treatise on 
Electricity and Magnetism, " vol. i. The one used in this experiment is that 
shown on p. 335 of this book. 
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6, Magnetic Inclination or Dip by the 
Induction Magnetometer. 

Introduction. — The magnetic dip or inclination at any place 
IS the angle which the magnetic axis of a magnetized needle makes 
with a horizontal plane, when it is free to turn about a horizontal 
axis perpendicular to the magnetic meridian* It may be found by 
means of a **dip circle,'* or by the following method, which 
possesses several advantages over the dip circle, and depends on 
m^isiirtng the relative values of the horizontal and vertical com- 
f>onents of the earth's magnetic force. This is done by comparing 
the throws produced on a b a! listic galvanometer, G, connected up 
to an earth inductor, E, arranged to cut the above components 
when suitably rotated. 

To obtain an accurate resuk, the following precautions must 
be used 1: — 

{a) The speed of turning should in all cases be about the 
^me. 

{b) The coil should be turned through exactly iSo"^, though 
an error of r° produces no sensible error in the results, as cos i*" 
^ I'Doo very approximately. 

(r) In cuttittg the /arrmmtai amipomnt the initial and final 
positions of the plane of the coil should be perpendicular to the 
magnetic meridian, an error of 5"^ making O'S per cent, error in 
the result- 

i^d) Ajcis of rotation of the coil should be in a vertical plane 
perpendiculaT to the meridian. This might cause the most serious 
error of any, as an error of i"^ produces nearly 5 per cent error in 
the result, since cos 69^ = 0^358 and cos 70"^= o 342, 

(«•) In iutting tht vertuai compimatts the axis should be 
boruontal and in the magnetic meridian, i'' error in this pro- 
ducing 03 per cent, resultant error* 

Observations,— {i) Connect up and adjust the galvanometer 
needle to zero. 

(3) ffiwizmUal cmnpiinmts, — Correct for error {d) by making 
axis of E vertical by means of a plumb line, and placing packing 
under the base if necessar) , 

(5) With the spot absolutely at rest and the plane of E 
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perpendicular to the magnetic meridian, quickly rotate it through 
1 80°, and note the first throw //„ on G. 

(4) Repeat (3) several times at the same speed for slighdy 
different positions of E, turned in azimuth, and note its position 
giving maximum throw. This will show that the plane is truly 
perpendicular to the meridian. 

(5) With the base of E fixed in this position take about twelve 
or fifteen throws, and note the mean d^, 

(6) Vertical components, — Place E with both its plane and axis 
horizontal and in the meridian. Rapidly rotate it through 180*^, 
noting the throw. Repeat this about twelve or fifteen times, and 
note the mean d^. 

(7) Calculate the angle of dip 8° from the relation V = H tan 8, 
and tabulate all your readings in a convenient form. 

Inferences. — Show by a sketch the meaning of the angle of 
dip, and state any advantages this method may possess over other 
methods. Prove the relation given in (7) above, using the 
fundamental principles of the earth indicator. 



7. Measurement of the Mag:netic Moment 
of a Bar Mag:net (Deflection Method). 

Introduction. — This method can be performed in one of 
two ways, according to the relative positions of the magnet tested, 
and the magnetic meridian of the earth. 

(A) The magnetic axis of the bar magnet pointing east and 
west, and passing through the centre of the suspended needle. 
This is called the " A. position of Gauss." 

(B) The magnetic axis of the bar magnet pointing east and 
r: y. west, but the line joining its centre 
5[-. Jjf , p with that of the needle lies in 

If- M l. - -^ ^ - - -^ the magnetic meridian. This is 

iT^'^n *"' »l — ♦ called the " B. position of Gauss." 

H* i J J We will now consider the firsts 

R* ' named position, which is sym- 

^'^- 7- bolically represented in Fig. 7. 

The magnetic moment M is defined as the product of the 
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n of either pole, multiplied by the length 2/ of the 

renti metres, or M ^ 2ml 

This quantity is of considerable importance, for several reasons 

as follows : The strength of the magnetic field in the vicinity of 

a magnet is directly proportional to the magnetic moment of the 

M 



latter. 



Again, from the above relation m = * - * hence, since 47r 

2I 



lines of force emeige From unit magnetic pole, the number N emanat- 

4irM 



ing from a magnet of strength m is N=4Trw = ^— ;- 

2/ 



And, further, 
magnet is A sq* cms*» the 



if the cross^sectional area of the 

. , , ^ 4**M 1- 

** magnetic induction in it B = —- Imes per square centimetre. 

Referring to Fig. 7, it will be observed that whereas N is attracting 
s and repelling w, S is doing just the opposite* Thus the actual 
deflection of ns is due to the differential effect of N and S on 
it. It may further be remarked that a magnet whose length is 
great compared with its breadth can be supposed to have two 
poles equal in strength, and situated at its ends. 

Apparatus. — Magnet to be tested; magnetometer (p. 336), 
consisting of a suspended " short ^* magnetic needle, the deflections 
of which can be read on a circular scale. The metre scale is so 
placed that when the magnet slides to and from the needle, its axis 
posses through the centre of the needle. 

A, Position; Observations. — (t) Level the baseboard 
of the magnetometer by means of the levelling screws, so that the 
ceiitre of the needle is just over that of the circular scale, and at 
the same time adjust the pointer to zero by slightly turning the 
instrument 

N,B* — All magnets must be removed to a distance while doing 
this, 

(2) Bring the magnet to be tested, and place it at the side 
the scale with its north end eastwards and centre at 100 on the 

lie* Note the deflection ^ (or tan B) and distance d cms. of 
*' centre '' from [hat of the needle. 

(3) Repeal (3) with the south end of the magnet pointing 
eastwards^ and >^ith the value of d the same* Take the me^i 

" the values of Ian 6 obtained in (2) and {3) for this value of d, 
iX\ Repeat (a) and (3) for about nine values of d^ decreasing 
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lo cms. at a time, and calculate the magnetic moment M of the 
magnet from the formula — 

M = ^ - --^H tan B 
2d 

where / = half the length of magnet in centimetres, and H = 
horizontal intensity of the earth's magnetism in C.G.S. imits. 

(5) From the mean value of M calculate w, N, and B, and 
tabulate your results as follows : — 





Values of 


Mean, 
tanf'. 


M 


<i cms. 


North pole pointing east. 


South pole pointing east. 






H. 


tanW. 


0. 


lan(^. 



















/ 

_-^ i >- - - _ - 

% II 
«f * 



Inferences. — Prove the formula given in (4), and state what 
assumptions are made in obtaining it. 
B. Position : Observations. — - 

(i) Arrange the magnetometer as in 
Fig. 8, and repeat A. (i) above. 

(2) Place the magnet NS across the 
scale with its centre at some convenient 
distance d^ say, 100 cms. from //j, if not 
too great to obtain a suitable steady 
deflection ff" (or tan ^). 

(3) Repeat (2) with the magnet re- 
versed in position, />. position of its 
poles interchanged, and with the value 

^S— i- o^ d ^^ same. Take the mean of the 
values of tan ^ obtained in (2) and (3) 
for this value of d, 

(4) Repeat (2) and (3) for about 
nine values of d^ decreasing by equal 

amounts at a time, and calculate the magnetic moment M of the 
magnet from the relation — 

M = (^ 4- /')'^H tan e 
where / = half the length of the magnet in centimetres and H as 
in A. (4) above. 

(5) From the mean value of M calculate w, N, and B, and 



N^ 



j' 



R 

Fig. 8. 
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^bulate in an exactly similar manner to that shown in A, (5) ^H 

above. ^H 

Inferences*— Prove the relation given in (4), and state any ^H 

^Kfiumption made in obtamhig it. ^H 

^%. Comparison of the Magnetic Moments ^B 
^ of Two Magnets (Deflection Method). ■ 

Introduction.— From reference to the preceding tests, it will ^^ 
lit; ai>pareni dint the magnetic moments of two magnets can be J 
rtadily compared by observing the deflections they produce on a ^H 
magnetometer needle at the same distance off, d, in each case. ^H 
We then have — ^H 

M, tan 6^1, ^ ^^ ^| 
rr = " — y for each position of Gauss ^H 

M.J tan §^ ^ ^M 

N3*— The student should read through the preceding tests ^| 

catdully. ^1 

Apparatus, ^Same as for the last experimentSp ^| 

Observations. — (i) Apply those of the preceding experiment ^H 

^ith tach of the magnets to be comjmred, using both A. and B. ^^| 

^H posauons in each case, ^H 

^" (a) Calculate the ratio of the magnetic moments from the ^H 

L iboYe relation^ and tabulate as follows for each position : — ^^| 


^^ UkiAncct ii. 


D«flcctiuii& 




^. 


n^. 


[mi (*!. t»i ^a- 


^1 








■ 


^^9. Determination of the Magnetic Moment ^| 
^B of a Bar Magnet (Vibration Method)* ^| 

^H tntriKltiction.^The method depends on a well-known prin- ^H 
^Hci|4 m mechanics^ namely, that when a body oscillates through ^H 
^^1 ^ maU angle ^, from its position of rest, about a given axis O, ^^| 
^H umltT the influence of a force F^, which tends to reduce il to ^H 



1 8 Practical Electrical Testing. 

rest, the time of one complete oscillation T, in seconds, or, 
as it is more frequently termed, its periodic time of oscillation 

T, = 2iry/ —^ where K = moment of inertia of the body about 

the given axis O. 

To apply this to the present instance. Let NS be a magnet 
suspended by a torsionless fibre attached to its centre O, such 
that its magnetic axis lies perpendicular to the magnetic meridian 
AB. Then, if m is the strength of each 
of its poles, and H the horizontal intensity 
of the earth's magnetic field, there are 
^Hm ^^^ forces each = Hw, but acting in 
• opposite directions perpendicular to and 

j( l\ ^ at the ends of NS. If 2/= the length 

g j. j fl of magnet, then the moment of l^m at 

N about O = H/w/, and the moment of 
Yim at S about O = Hw/, and hence the 
vfflll • total moment about O = 2Hw/ = the 

moment of the couple about O. But 
2ml = M, the magnetic moment of the 
magnet, therefore the force acting on the 



f 



B 



Fig. 9. magnet tending to reduce it to rest = Hw/ 

= HM. Hence, from the above reasoning, it follows that the 
time of one complete vibration of this magnet in the earth's field 

only is T = 27r^ /-—--, when the oscillations are very small, and 
V MH 

where K = moment of inertia of the magnet, depending on its 

shape, mass, and dimensions. 

If W = weight of the magnet in grammes, 2/ its length in 
centimetres, r = its radius (if it is of circular cross-section), and 
b = its breadth, measured horizontally, if it is of rectangular cross- 
section, then we have — 

For a cylindrical bar suspended from mid-point of horizontal 

axis — 

/ (2/)2 r2 \ 

K = W( ^-^ -f - ) 

\ 12 4 / 

For a rectangular or square bar suspended in same way — 
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We finally have the magnetic moment M = , from which 

1 H 

relation we see that the horizontal component H must be known 

to be able to apply the method. 

Apparatus. — Small magnetic rod about 3 inches long (and 
cylindrical, say) ; stop-watch beating quarter seconds ; instrument 
for suspending the rod (p. 335). 

Observations. — (i) Place the magnet in the stirrup of the 
suspension, and make it hang motionless. Replace the glass shade 
very carefully so as not to jar the instrument. 

(2) Since the motion of the magnet must be one of pure rota- 
tion, without any motion of translation, bring an auxiliary magnet 
up to such a distance from the suspended one as to cause it to 
rotate through about 8° to 10° of arc, and remove all outside 
magnets or iron to a distance. 

(3) Count the number of transits^ N, ix, the number of times 
one end of the needle crosses the magnetic meridian or its position " 
of rest in, say, two minutes. 

(4) Repeat (2) and (3) about six times ; then, if the time is two 

N 
minutes, the number of transits per second, « = -, and since one 

complete period of oscillation T = two transits, therefore \n = 
number of periods per second — 

47r2K 47r2K«2 7r2//2K 



.•.M = 
where T = 



T^H 4H H 

2 
n 

(5) Calculate the magnetic moment from this relation, and 
from the mean, the values of w, N, and B, where m = strength of 
magnet's pole, N = number of lines emerging from them, and B 
= magnetic induction in the magnet, and tabulate as follows : — 



H = C.G.S. units. ; wt. of magnet, W, = grms. ; length, /, 


= cms. ; breadth, b^ =r cms. 
orradius, r, = ,, 


No. of magtiet. , tecs. 


Transits. N. 


N 


y. Mean value of 
M. 


1 




' 



N.B. — ^The way in which w, N, and B can be found will be 
seen by reference to the " Deflection Method," p. 15. 
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10. Comparison of the Mas:netic Moments 
of Two Mas:nets (Vibration Method). 

Introduction. — It will be obvious that without knoTidng H, 
the horizontal component of the earth's field, the magnetic 
moments of any two magnets can be readily compared with one 
another by subjecting each to the preceding test. In other words, 
the magnetic moments of two magnets can be compared by 
observing their respective periods of oscillation in the same mag- 
netic field H, for we have — 

t;'h "" H- 

H 

IVK2 



M,= 



and Mo = 



hence - = 



Apparatus. — Same as for the last experiment. 

Observations. — (i) Apply those of the last experiment with 
each of the magnets to be compared. 

(2) Calculate the ratio of the magnetic moments from the 
preceding relation, and tabulate as follows : — 

Magnet No. ; weight, Wj, = j^rms. ; length, 2/1,= cms.; n = cms. ; Ki = 
Magnet No. ,, Wa, = „ „ a/2, = „ rjj = „ K2 = 



Times in 


seconds. 


No. of 


transits. 


Transits per second. 


Ml 
M2 


Mean. 
M, 
Mi 


1 


N,. 


N2. 


-^f 


-1^ 













11. Distribution of the Lines of Force of the 

Magnetic Field in a Dynamo 

(Iron Filings Method). 

Introduction. — The present experiment is arranged with a 
view to determining, as far as possible, the general configuration of 
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the magnetic field in and around a dynamo, and to see approxi- 
malely how this ts affected by the magnitude of the magnetizing 
force and ma^etie induction in the iron parts. It is, of course, 
well known that the particular form given to the field magnets and 
armature of a dynamo, together with the sectional areas of the 
various parts^ verj^ materially affect the relative distributions of 
the lines of force m the various parts of the machine and the 
space surrounding it. The principle upon which this metliod of 
investigation depends is based on the fact that whenever ** free 
magnetism '^ is existent, />. wiienever lines of force emerge from 
a magnetic body and traverse Uie surrounding non-magnetic s|xice, 
their presencej in a greater or less extent, can be detected by iron 
li tings placed in this ** stray field/' and setting themselves along 
the lines of force. In this connection, it should be remembered 
that an absence of filings in any part indicates either a complete 
absence of lines of force^ or that these latter are contained solely 
in the magnetic material, and therefore are unable to produce 
external influence on the filings^ 

Apparatitii. — A sheet of stiff paper, or large, slightly milky 
glass plate ; box of iron fihngs, wdth x>erforated lid ; ammeter, A ; 
carbon rheostat, R (p. 307) ; secondary battery, B (p. 337) ; model 
dynamo, D, to be exj>erimented upon (p. 360) ; switch, S. 

Ol>servat]ons« — (i) Connect up as in Fig. 10, using the two 
tside terminals of D, and adjust 

pointer of A to ^ero if necessar}\ 

(2) With S open^ and m iron rings 
between the poles, place the stiff 
sheet of paper or glass provided over ^^- 
D, and carefully sift iron filings uni- 9S j ■ 1 




B 



formly all over it, very gently tafi* 

ping the paper so as to assist the 

filings into position, too tnany of ^'^' ^^■ 

which should not be used. Copy the diagram so formed into 

your note-book, with their relative denseness well defined. L^astly, 

return the filings lo the sifter. 

(3> Still with no iron rings between the poles, and with R 
quite loose, close Sj and adjust the current A to, say, \ amp», the 
%beei of stiff paper being in position, begin to sift, etc*, repeating 
the klter part of (2) above. 



l^tflM^^b 
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(4) Repeat (3) with a current of 2^ amps. 

(5) Repeat (3) and (4) with each of the iron rings in position 
between the pole faces of the field magnets. 

Inferences. — State very carefully and concisely all the in- 
ferences which can be drawn from your experimental results, and 
point out their bearing on the construction of magnetic circuits. 



12. Measurement of the '' Horizontal In- 
tensity" of the Earth's Mas:netism 
(Method of Oscillations and Deflections). 

Introduction. — ^The following method of determining the 
horizontal component " H " of the earth's magnetic force is a 
combination of the vibration and deflection methods for finding 
the magnetic moment of a magnet {vide pp. 14 and 18). Some 
refinements and precautions are here necessary which were not of 
paramount importance in the above-named experiments. The 
magnetometer should be a more delicate one, and preferable of 
the form shown on p. 337. In the present case, its deflections 
will be observed by means of a small telescope and illuminated 
scale divided in millimetres. In this case, if D = scale-deflection 
in millimetres and 0^ = angular deflection of the magnetometer 
needle, then, since the angular motion of the reflected ray is 
double that of the mirror with its attached magnet, we have — 

. D , D 

tan 20 = - , or tan ^ = - 
L 2L 

where L = distance from mirror to scale in scale divisions, and 
is a very small angle, which generally will not exceed 5° or 6"^ 
of arc. 

It is extremely important to have no moving pieces of mag- 
netic material about, and to avoid all draughts, which might affect 
the magnetometer needle. For very accurate work other correc- 
tions are needed, namely, for the magnitude of the arc of oscilla- 
tion in diminishing the time T of vibration, for the torsion of 
the suspensions, air churning and damping, and variations in tem- 
perature altering the magnetic moment during the test. These 
are, however, all very small quantities, and no account need be 
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taken of them, with fairly delicate means at hand in testing, in 
order to obtain an approximate value for H. The value of 
this so obtained will be the value which holds in the room the 
test is made in, and may be somewhat different from the values 
obtained for the year from tables. Using the same magnet in the 
two cases, we have by oscillations — 

and by deflections — 



tsmS 



H 2d 

using the " A. position J^ 

Hence, dividing, we get — 

Tid" - ly tan 

and if D = the scale-deflection corresponding to an angular 
motion 0^ of the needle, then — 

Note. — T = -, where n = the number of transits per second. 

Apparatus. — Delicate magnetometer with accessories (p. 337) ; 
instrument for taking vibrations (p. 335); micrometer gauge 
sensitive chemical weighing balance; stop-watch; three or four 
similar permanently magnetized steel needles about 10 cms. long 
and \ cm. diameter. 

Observations. — (i) Place the vibration instrument on the 
magnetometer table and a needle in the stirrup. Bring the 
needle perfectly to rest in the magnetic meridian, then replace 
the glass shade carefully so as not to jar the needle, and make 
some convenient mark on the shade opposite one end. 

(2) With all iron and magnets removed to a distance, give to 
the needle a motion of pure rotation of an arc, not exceeding 
about 7° or 8° by means of an outside magnet, and note the time in 
seconds of 100 transits (N) of the end of the needle past the mark. 

(3) Repeat (2) about three or four times, and take the mean, 

N 100 
/ seconds. Then « = — = — - transits per second. 
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(4) Place the magnetometer in position on the table, level it, 
seeing that the needle is quite free to deflect, and adjust the spot 
of light to zero by slightly moving the scale if necessary. 

(5) Place the same magnetic needle, which in the meanwhile 
has been carefully guarded against vibration, on the sliding 
carriage (capable of moving along the magnetometer bench due 
east and west), with its magnetic axis due east and west. Then 
set the table so that the centre of the magnet and magnetometer 
needle are d cms. apart, causing a convenient deflection D scale- 
divisions of the latter. 

(6) Reverse the needle so that the other end now points 
towards the magnetometer, and at the same distance d note the 
deflection D again. 

(7) Repeat (5) and (6) with the magnet at the same distance d 
on the other side of the magnetometer, and take the mean of the 
four deflections D. 

(8) Repeat (5)-(7) with the same magnet at about five or six 
different distances, d. 

(9) Repeat (i)-(8) for each of the other magnets, and tabulate 
all your results as follows : — 



Distance between scale and mirror, L, = scale-divisions. 



Weight, 



No- of I V? 



umgnet. 



LeiiEtb, 
cms. 



Rjidiud, 



Tian^itSi 



Time 111 



I Per *ec. 

In. n 



I .1 



n ^ 



T=' 



Scale 

rtcdion^ %^ 
D. .5^ 



f 



(10) Carefully weigh and measure the magnets. 



18. Proof of Ohm's Law 
(Galvanometer Method). 

Introduction. — The above-named is one of the most im- 
portant fundamental laws of electricity. It states that the differ- 
ence of potential (P.D.), which we will call V, at the ends of any 
conductor at constant temperature and carrying a current C, always 
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a constant ratio to that current. 
ihe resistimce R of that conductor. 



This constant ratio is called 
In symbols » therefore, we 



have R = _ = constant (at constant temperature), or, as it 



common to write it, C ^ 



V 
R^ 



Either an electrometer (which 







FlG. It. 



passes no current) or a high-resistance galvanometer (which will pass 
only a ver)^ small current), may he used to measure the PJ>.t and 
in this method the latter will be used. If such an instrument has a 
\€ty high resistance compared with that between the points to which 
It is applied, its indications will be a correct measure of the P.D. 
between those two points. It is im- 
portant to carefully distinguish between 
the RM.F. and P.D, respectively at 
the terminals of any source of elec- 
tiictty. The E.M.F; is the total force 
lending to send a current round the 
whole circuit, whereas the P.D* denotes 
the mmiabk farce for the external 
cirojit alone, after a certain deduction, which depends on the 
current, is made for the potential lost in the generator itself of 
iniemal resistance B ohms, or we may put E = V -h C/'* If now 
a high' resistance gah^anometer is used, it will pass only a very 
small current C, making the term C/' negligible^ whence its 
deflections will be proportional to E or V* 

Apparatus*— High- resists nee mirror galvanometer,^ (p. 281) ; 
two variable known resistance boxes, r, and r^ i reversing switch, S 
(p. 329) ; spring tapping-key, K ; and three DanielFs cells, B, 
Observations, — (i) Connect up as shown in Ftg. it, and 

adjust the galvanometer needle to jsero, 

(a) With one DanielFs cell in circuit make r^ = i ohm (say) 

and r, = 4999 ohms* Press K, and note the deflections ^4 and B^ 

cither side of ^ero by turning S. 

(3) Repeat (3} for about six different values of rj, altering 
F. each time so as to keep r, -h n constant and equal to 5000 
ohms. 

(4) Repeat (2) and (3) with two and three cells respectively in 
circuity and tabulate as follows : — 
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No. of 
cells used. 



I I 

rjj. ! ri + ^2. Deflection, ^i 



Deflection, H 



Mean, (». 



Value of — 



(5) Plot a curve having values of B as ordinates and r, as 
abscissse. 

Inferences. — State clearly all the inferences which you can 
draw from the results of your experiment. On what does the 
constancy of the figures in the last column depend ? 



14. Proof of Ohm's Law 
(Electrometer Method). 

Introduction. — The above-named, as already stated in the 
preceding test, is one of the most important fundamental laws of 
electricity, and it may be enunciated thus — 

The difference of potential (P.D.) measured electrostatically, 
which we will call V, at the ends of any conductor at constant 
temperature, and carrying a current C, always bears a constant ratio 
to that current. This constant ratio is called the resistance R of 

V 

that conductor. In symbols, therefore, we have R = - = constant 

(at constant temperature), or, as it is more commonly written, 

V 

C = - . In the present method an electrometer (which passes no 
R 

current at all) will be used in place of the galvanometer of the 
preceding one, and it may be used in one or other of two i^^ays : 
(a) ideostatically, i,e. with the needle maintained at an initial high 
potential by means of a " dry pile " or other independent suitable 
source of E.M.F., in which case the deflection caused by placing 
an E.M.F. across the quadrants oc P.D. between them ; {b) hetero- 
statically, i,e, with the needle merely connected to one pair of 
quadrants, in which case the deflection oc (P.D.)^. These two 
relations follow at once from the following formula for the quad- 
rant electrometer : — 

If N = P.D. between the needle and earth or framework of 
the instrument, 
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i = P,D. between one pair of quadrants and earth or frame 
work of the instrument, 
and Qj = VJ), between the other pair of quadrants and earth or 
framework of the instrument, 

Sthen the deflection of the spot of light on the scale is^ 
fTom which we see that d is more nearly « Q^ — Q5, and that the 
sensibility of the instrument becomes greater as N increases, A 
Reversing key should always be used with an electrometer, and 
ttioyld be so arranged that when the instrument is not In use the 
quadrants are short circuited. 

Apparatus. — Reflecting electrometer, V (p, 289), and its 
reversing key^ K, (p, 29S) ; source of potential, P, for charging the 
needle ; galvanometer, G (p. 371), merely for indicating the cur- 
rent ; hatter>% B, of about la cells of fairjy constant E.M.F. ; key, 
K; platinoid resistance, R, 

Observations*^ — (i) Connect up as in Fig. 12, where N is 
the terminal of the needle of V and Qi, Qj those of the two pairs 
of quadrants. If P is a 
battery, the negative pole 
should be either earlhedj i.e\ 
connected to the nearest 
gas or water pipe, or con- 
nected to the case of V» 
Adjust both V and G to 
sero. 

(2) Using only two cells 
r B, put / of K, to I and 

close K by continued tap- 
ng, so as to ** nurse " the 
Sections up to their steady 
values^ In this way 
Omgs and waste of time in waiting for the deflection to 
become steady will be avoided. Note the steady deflection D on 
V and d on G. Repeat this with /to 2, K still being closed, 
and note the deflections again, using the mean. 

(3) Repeat (2), using 4, 6, 8, to» and 12, or more cells succ^* 

fiivdya and calculate the ratio j for each. Tabulate as follows : — 
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Number 
of cells 
used. 



Approximate 

potential of 

needle. 



Current 
through K, 



P.O. across R ec to deflections to 



Right D. 



LeftD. 



Mean D. 



Constant 
P 
d 



(5) Plot a curve having values of D as ordinates and d as 
abscissae. 



15. Sensitiveness of Galvanometers 
(Figure of Merit). 

Introduction. — The sensitiveness, or ^'figure of tnerit^' of a 
galvanometer, as it is variously termed, is reckoned in one or 
other of two ways : (a) as the current in amperes required to pro- 
duce unit deflection ; {h) as the resistance of the circuit containing 
the instrument through which i volt P.D. will cause unit deflec- 
tion. The former is manifestly the most natural way of express- 
ing it, and is the one which the author prefers to adopt, though 
the latter way is the one most frequently adopted commercially. 

It should be carefully noted in all cases that for the figure of 
merit to be of future use, the position of the scale and needle of 
the galvanometer must be fixed relatively to one another, and the 
position of the controlling magnet (if there is one) carefully noted, 
as both will affect the figure of merit. 

Apparatus.— Galvanometer, G, to be tested ; high resistance, 

r; key, K; Daniell's cell, B, preferably newly made up. Its 

E.M.F. may be taken to var>' between 1*04 

/^ — ' ' (5)^ ^^^ ' '^ volts, the mean i*o8 being assumed 

I \ for the experiment. 

^«vwvAro — ^kJ Observations.— (i) Connect up as in 
Fig. 13, and adjust the galvanometer needle 
to zero. 

(2) Adjust r so that on pressing K a steady deflection of 
about one-tenth of the available jxirt of the scale is obtained. 
Note this deflection d and the value of r. 

(3) Repeat (2) for about ten different deflections, rising by 
about equal increments to the maximum scale reading. 
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(4) Repeat {2) and (5) for a different position of the con- 
nolling magnet, and tabulate as follows : — 





galVBDonicter, O, = obms- : battery, 


B,= ahnu. 




,. 


Tot«I circuit 
re&istJince, 


DcHeetion, 


Fij^fc of merit. 













16. Relation between Deflection and 
Current in Mirror Galvanometers. 

Introduction* — In experimental work it is of great imjsor- 
nee to know ihe " relative " {and in some cases the ** absolute ") 
r^ibration curve of some form of galvanometer, i.€. the way in 
which the deflections vary with the strengths of the various 
tninents producing them. In many tyj^es, imrticularly in non- 
reflecting instruments, the deflections are only proportional to the 
currents for a very small angular motion of the needle, so that 
though the current producing a deflection of eight might be just 
^double that giving four, one producing sixty might he much 
ater tlrnn fifteen times the current giving four. The following 
lt\|Mrriment will enable the relation, in the case of mirror galvano- 
[ineters^ whether of the suspended needle or coil type (for a 
detailed description on the construction of which see p. 265, fiscgj)^ 
J be determined, and also show the way in which a galvanometer 
an be calibrated (relatively) by the ** resistance method." 

A[>paratus.^ — Mirror galvanometer, G, to be tested; resist- 
ance box, R ; spring tapping-key, K.^ ; 
Udanche cell, B \ reversing key* K,. 
ObservatlonSt — (i) Connect up 
as indicated in Fig. 14, and adjust 
I ibe spgt of light to zero. 

(i) Close Kj and K,, and adjust 
R so as to get a deflection of about one-twelfth of the maximum 
scalt-reading. Note this and the value of-R, and by means of K, 
note the deflection on the other side of zero. 
(3) Rept^i {2) for about twelve different deflections, rising by 




Fig. 14. 



30 



Practical Electrical Testing, 



about equal increments to the maximum obtainable, and tabulate 
as follows : — 



Form of galvanometer used 

battery resisUnce, b, = 


resistance, g^ = ohms 
ohmi. 




i 

R«* r*.;efa«o. ! ^otal rcsistaiice, 
Box resistance*' 


Current, C= -^ 

I 
«R7 


Deflections. 


Right. Left. 


Mean,</. 


1 1 







(4) Plot a " calibration " curve having values of C as abscissae 
and d as ordinates. 

Inferences. — What inferences can you draw from the results 
of your experiment, and how could the "absolute calibration 
curve " of the galvanometer be obtained ? 



17. Calibration of a **Sine" Galvanometer 
(Constant Current Method). 

Introduction. — The following method, due to Mr. T. Mather, 
is a very simple and convenient one for calibrating a galvanometer 
throughout the whole range of its scale on the " sine " principle. 
Any galvanometer can be used as a sine galvanometer providing 
(a) the controlling field or force acting on the needle is constant 
in magnitude and direction; {b) the deflecting force, although 
variable in its direction in space, must act in a fixed direction 
relatively to the needle ; {c) it can turn in a horizontal plane about 
a point which is coincident with the centre of the needle. 

If now a certain current, which we will call C, deflects the 
needle through ^1°, and with it still flowing and constant in 
strength, the galvanometer with its scale is turned round so that 
the pointer again points to its original position on the scale, 
then, on breaking the circuit, the needle will swing back into the 
magnetic meridian, describing an arc of B>? to its position of rest, 
and we shall now have — 

C oc sin B? 

Apparatus. — The galvanometer, G, capable of rotating in a 
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Jkomoatal azimuth about its centre ; source of constant E.M^F.j E ; 

Observations. — (i) Connect up the above apparatus in 
series, and remove any neighbouring magnets to a distance. 

(i) Close K and turn G round so that the pointer is at lo'^ on 
the scale^ which we will call B^. (^)pen K, and note the position 
on the scale ^j°, at which the pointer cpmes to rest, 

(3) Repeat (2) ever>' 10^ up to 70** or 80"^, and calculate the 

values of - ^^^ . Tabulate your results m a convenient 

sm (^1 - ft.) 

manner, 

(4) Plot the calibration curve of the galvanometer, having 

sin Bj 
lalues of deflection ^, as abscissae, and ,— r«- ^., which is pro- 

sm \pi — ffj/ 

portional to current strength, as ordinates. 

lofercficeSa^lf the galvanometer is fixed with its pointer at 

sin ft 

Ot when no current f>asse^, show that ^.— r^ — ^r. « cun-ent 

sin (Pj — ^ P;,) 

Strength causing a deflection ^j" from 0* 



18. Calibration of a Galvanometer by Com- 
parison with a Standard Galvanometer. 

Introduction. — It may sometimes be necessary to knovv, 
when using a particular galvanometer, what relation exists between 
various deflections and the currents producing them* This can 
be at once found in a very simpk manner by comj>aring the 
galvanometer deflections with those produced by the same currents 
OD either a tangent or mirror or other galvanometer, the relation 
betwieen the deflections and currents in which is accurately known. 
The present experiment is arranged for the purpose of so calibrating 
the unknown galvanometer. 

Apparatus, — Standard galvanometer, G ; gah^nometer to be 
calibrated, .c ; continuously variable resistance, Rh (p* 309); key, 
Ki; battery, B; and reversing key, K-j (p. 329). 

01>S€rvatJofls.^(i) Connect up as in Fig. 15, and adjust 
the needles of both G and g to ^ero* 
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(2) Close K, and K, and alter Rh so that a deflection dx of 
about one-tenth of the full scale is obtained on g. Note this and 

the reading of the standard galvano- 
meter D. 

(3) Reverse the current through g 
by turning K, round, with K| still 
closed, and G reading the same as 
in (2). Now note the deflection d^ 
on g on the opposite side of zero. 
(4) Repeat (2) and (3) for about nine or ten different deflec- 
tions on g^ rising by about equal increments to the maximum scale 
reading, and tabulate your results as follows : — 




Fig. 15. 



Sundard Katlvanometer used ; type 



Deflection, D. 



Current, D, 
or tan D. 



./,. 



^2. 



Mean or true 

deflection on 

it = K^l + ^). 



(5) Plot a calibration curve having values of current strengths 
as obtained from the standard as ordinates and values of 4(</i + d^), 
or deflections on galvanometer to be tested as abscissae. 

Inferences. — How could G be adapted to the test if its 
sensibility was much greater than that of ^? What would be the 
result if it was so much more sensitive ? 



19. Measurement of the Strength of the 
Mas:netic Field due to a Constant 
Current flowing round a Circular Coil. 

Introduction. — It is a matter of considerable importance to 
be able to predict the way in which the strength of the magnetic 
field, or, in other words, the sensitiveness of a galvanometer, will 
vary with the number of turns in the coils, its diameter, and its 
position with respect to the needle. The following experiment 
will enable this to be determined experimentally, and is divided 
into three distinct parts. A, B, and C. 

A is to determine the effect of altering the number and radius 
of the convolutions. 
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B is to comi>iire the strength of field at different points in ti/t 
plmu of the coils. 

C is to compare the strength of iield at differenl points aimg 
tfu ans of the colls. 

Apparatus. — An auxiliar}^ galvanometer, jf, merely for the 
purpose of shoeing that the current flowing in the circuit is con- 
stant in strength ; spring lapping-key, K ; an adjustable resistance, 
R ; battens B ; arrangement of coils and magnetic needle* G, to 
experiment upon, consisting of tw^o bobbins and needle, as follows 
(r/^aV p* 270); On the large bobbin there are two disrinct circuits 
of 10 and 30 turns of wire respectively, having a mean radius r of 
20 cms. On the small bobbin there is one circuit of 10 turns, 
having a mean radius r of 10 cms. By means of pins, grooves, 
and scales the bobbins can he placed in any desired position 
relatively to the needle. 

Observations, — A, (i) Adjust the pointer to zero by slightly 
ttsning the baseboardj and be careful not 
to move it during the experiments, 

(2) Place the large and small bobbins 
so that their centres coincide with the 
centre of the magnetic needle, and their 
pbnes contain its axis. 

(3) Send a convenient current round 
the f o turns on the small bobbin, and note 
the deflection 0^ produced, 

(4) Send an equal current round 10, 
successively of the large bobbin, and note the corresponding 
defections. 

Tabubte your results as follows : — 




3Q» 



Fig, 16, 
and 40 turns 



CoEor 



CtKTcnt in 



DeHectioiit 



No. of turns. 



VaJttea or- 



(5) Plot a curve having for abscissie the values of - and 

for ofdinates tan 0, 

(6) Observe how nearly a deflection o"" is produced by passing 
the same current round 20 tiirns of the large coil in one direction, 
and 10 turns of the same coi! in the opposite direct ion » 

D 



JL 
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B. (i) Take away the small coil, and arrange the large one 
so as to be capable of moving in its own plane. 

(2) Keep the current constant round 20 turns on the large 
coil, and note the deflections $ produced when the centres of 
the coil and magnet are at different distances d cms. apart. Six 
readings should be taken between the extreme positions possible 
with {a) the magnet inside the coil, {b) with it outside the coil. 

Tabulate as follows : — 



MaKoetic needle inside the coil. 


Magnetic needle outside the coil. 


Distance, d 
cms. 


Current. 


Deflection. 


tanf*. 


Distance/ d 
cms. 


Current. 


Deflection, 


un0. 










i 







(3) Plot curves having values of d as abscissae and tan 6 as 
ordinates. 

C. (i) Place the large coil in its initial position, and arrange 
it so as to be capable of mowing perpendiailar to its own plane. 

(2) Keep the current constant round 40 turns of the large 
coil, and note the deflections ff^ produced when the centres of the 
coil and magnet are at about eight different distances d cms. apart, 
increasing by equal increments from o to the maximum possible. 

Tabulate as follows : — 



Distance, d 
cms. 


Current. 


Deflection, /^. 


tan e. 


V^uesof(^- -^^.j. 


1 




i 



(3) Plot a curve having values of j-j— , as abscissae 

( V r'-' -(- d'^y 

and tan as ordinates. 

D. Repeat experiments B and C with the small coil, and 
tabulate your results in like manner. 

Inferences. — Write out clearly all the inferences which can 

be drawn from the above experiments, and point out their bearing 

on the construction of galvanometers. Prove theoretically that 

the strength of the magnetic field produced is proportional to 

r- 

What precautions ought to be taken in the above experiments ? 
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JO. Resistance of a Uniform Wire at Con- 
stant Temperature proportional to its 
Lengtli (Direct Experimental Proof), 

Introduction.— The following is a very simple and convenient 

*m^ns of proving the important relation stated above by means of 

_phm's !aw. Any uniform wire may be used, but the most con- 

enient arrangement will be to use the stretched wire on a metre 

bndge, as different lengths of n can be at once measured by the 

scale over which it is stretched. 

Apparatus.— The metre bridge, PQ; high -resistance galvano- 
rheostat, R (p, 309) ■ key, K ; battery of constant E.M.F., 
secondary cell, B. 
Observations* — (i) Connect up as in Fig. 17^ and adjust 
galvanometer needle to zero on the scale. 

(2) Set the sliding key K^ of the bridge at or near the end 
Q of the stretched wire, and adjust 
R so as to obtain nearly a full-scale 
deflection d on the galvanometer j 

ben Kj is closed after K is pressed ^ 
ate the position D of K, on the seal a 
lid the deflection d of the galvanch 
ter. 

(3) Repeat (a) every 10 cms. down the scale to the other end. 
Note,— If a tangent or sine galvanometer is used, then A 

mil eqtrnl tan d or sin d as the case may be^ where d is in degrees, 
' it is a mirror galvanometer, then A = d simply. 
Tabulate your observations as follows : — 




Fig. If. 





oha]i!» ; type used 


DlfcianoCt t^^ 


Deflection, d. 




A 











(4) Plot 3 cuT^^e having values of D as abscissae and A as 
ordinates. 

Inferences.— Why should the galvanometer have a high 

sistance ? and how would the test be affected if it had a low 

r ? Is the method based on any assumptions ? If so, state them. 
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21. Measurement of Resistance by the 
Substitution Method. 

Introduction. — This is the simplest of all methods of 
measuring electrical resistance, and is an application of Ohm's 
law. The equality of two currents of electricity, as indicated on 
a suitable galvanometer, is the only thing observed, the actual 
value of a certain standard known resistance producing this being 
read off, and giving, without any calculation, the value of the 
unknown resistance. 

Apparatus. — Leclanch^ cell, B ; sensitive galvanometer, G 
(p. 287) ; two-way key, K ; resistance, /*, to be measured ; standard 
box of known resistances, R (p. 315) ; resistance box, S, for use 

as a shunt to G in such a way that 
if G is too sensitive, and gives too 
large a deflection with r in circuit, 
the resistance S can be reduced so 
as to shunt more current past G, 
and so diminish its deflection. 

Observations. — (i) Connect 
up as indicated in Fig. 18, and 
adjust the needle of G to zero. 
(2) Turn K so as to place r in 
circuit, and adjust S (if necessary at all) to get about a quarter- 
scale deflection d, 

(3) Leaving S as in (2), turn K so as to place R in circuit ; 
now adjust R so as to exactly reproduce the deflection d again. 
Then r = R so found. 

(4) Repeat (2) and (3) for each of the unknown resistances 
provided. 

(5) Repeat (2)-(4) for a half and three-quarter-scale deflection, 
and tabulate your results as follows : — - 




Fig. 18. 



Resistance 

tested. 



For reference only. 



Shunt, s. , i^««^;;^i^". 



Unknown 
resistance, 



Mean, 



Inferences. — State clearly any assumptions made in the 
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exj^crimcni, and show clearly how the above relation betw'een r 
and R is arrived at. 




22. Measurement of Resistance by the 
Metre Form of Wheatstone Bridge* 

Introduction,- This is by far the most accurate and expeditious 
method of measuring resistance, and it depends on the fact that if 
any point, H, be taken in one of two conductors, AHD and ACD, 
in parallelp and carrjing a current, then some point, C, can always 
be found In the other having exactly the same potential as H. 
Hence no current will flow in a 
conductor joining these two points 
H and C ; but the resistances of 
the tw*o fiarts of each jmrallel branch 
either side of these points will then 
bear a simple and definite relation 
to one another. 

A Wheatstone bridge (VV.B,) is a 
special arrangement for easily ob- 
taining this relation, 
and consists of six 
coodiictors joined 
diree and three to- 
gether at four points. 
Tiie four conductors 
joining the points 
ocmsecy ti vel y are 
called the *^ arms " of 
the W.B., and the two ^^^* '9^ 

remaining conductors contain a galvanonieter, G, and batter>', B, 
itspcctively ( Fig, 19, 1,), Two anns, r^ and r^, can be formed by a 
boi of proportional coils, or, as in the present case^ by a platinum* 
indiimi wire, AD (Fig. 19, H.), i nnetre long, and of tirn/(?rm 
tioss*section, stretched over a metre scale. The other two arms 
consist respectively of a resistance box, r^, and unknown resist- 
wvce* r*!, to be measured* If the resistances, r,, r^, rj, r^ of 
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the arms (taken consecutively) have the relation r^r^ = r^^^ called 
the ** Law of the W.B.," then no current will pass through G, and 
therefore there will be no deflection when the currents in the arms 
have reached their steady values. This " balance " will still hold 
good, even if the positions of G and B be interchanged, and they 
are therefore called conjugate positions. The battery kry Ki must 
always h^ pressed before the galvanometer key K, to get over any in- 
ductive action in r, (if present). In other words, the battery key 
must be pressed y?rj/ for just long enough to allow the currents to 
arrive at their steady values in all parts of the bridge before the 
galvanometer key is closed. If this is not done when measuring 
resistances of the nature of an electromagnet, balancing to obtain 
no deflection on the galvanometer will be impossible, owing to the 
extra kick due to the phenomena known as self-induction. K, is a 
sliding key capable of making contact with any point of AD, and 
it must on no account be mo7fedwhen pressed. The sensibility of the 
metre B is increased by lengthening AD, and any error made in 
the position of Kj will have least effect on the calculated resistance 
when K4 is in the middle portions of AD. The method has the 
great advantage of being a null one, ix\ one in which no deflection 
has to be obtained. If any thermo-current effects are observed, 
they can be eliminated by inserting a reversing key in the battery 
circuit. 

Apparatus. — Metre bridge complete with its sliding key, K,; 
sensitive reflecting galvanometer, G; spring tapping-key, Kij 
battery, B, of one or more Leclanch^ cells; standard known 
adjustable resistance, rj ; resistance, r„ to be tested. 

Observations. — (i) Connect up as indicated (Fig. 19, II.), 
and adjust the galvanometer to about zero. 

(2) Insert a suitable resistance, as r^, and balance the bridge 
by pressing Kj first and then moving K.^ until no deflection occurs 
on pressing it. Note the value of r^ and the lengths of AD each 
side of K.2, which are directly proportional to r, and r*. 

N.B. — At all times, except when balance is almost obtained, the 
keys should be closed for the shortest possible time, so as not to allow 
the current time to warm up the resistances, and so alter their value. 
To see if a balance is possible, tap K., for an instant gently near each 
end of the scale, and if the galvanometer deflects to opposite sides 
of zero, there will be a point of balance somewhere between them. 
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tsl Kepeat (2) for about six different values of r.^^ and do the 
same for each of the other resistances to be tested, tabulating your 
results as follows ; — 



Wmm of TwhtaDot 



SlAodArd, rj. 






Alean value, ri ^hm^^ 



Inference*.— Prove from Ohm's law that r^r^ = r^r^ if no 
ruirent flows through G. On what does the accuracy of this 
method depend? 



I 



23. Measurement of Resistance by the 
**Po5t Office" Pattern of the Wheat- 
stone Bridge, 

Introduction. — It is assumed that the metre form of Wfieat- 
stone bridge ( VV^B.) has already been used. The Post Office {P.O,) 
pattern (Fig. 20, XL) is merely a 
specially arranged and compact 
form of W.B. placed in a suitable 
box for portable purposes. If 
the principle and action of a 
\\\R. is understood at all, and the 
scamping opposite the various 
terminals in the P.O, form ob- 
lervtedf it ought to be impossible 
to couple up incorrectly. Each 
of ihe *t proportional arras " n and 
'^j consbts of three resistance coils 
of lo^ 100, and 1000 ohms re- 

ively, hence the ratio - nr - 

^4 ''s 





ran be made a very simple oum- 
QRST (Fig. 20, 11.) is 
** adjustable arm *' r^ and it consists of sixteen different coils 
ami one infinity plug either at Q, R, or S. The value of r>i can be 
made anything from i to ii,tio ohms* Opposite two of the 
terminals, N and T^ is marked ** Galvanometer, Line '' and *' Line, 
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Copper, or Earth ** respectively. This is because the P.O. form is 
primarily intended for measuring the metallic and insulation 
resistance of telegraph lines, and hence in the first case that line 
would be joined to N and T, and in the second case only one end 
to N, the other being free and insulated, T then being put to earth. 
As therefore we are measuring metallic resistance r,, it is put 
between N and T. The terminals to which the battery B must be 
connected are equally obvious. The white dotted lines on the top 
show where the under contacts of the keys Ki and K^ are joined 
to inside the box. In any form of W.B. variation of the battery 
E.M.F., or its resistance, or that of the galvanometer G, has no 
effect on the accuracy of the measurement. The sensitiveness of 
the test, though principally depending on that of G, can be 
increased within limits by using a larger E.M.F. and making 
^'i> 'ji 'sj and r^ as nearly equal as possible. The battery key K, 
must always depressed before the galvanometer key Ki, to allow the 
currents in the arms to become steady before pressing K^ The 
battery key should be pressed for as short a time as possible, so as 
to prevent the coils being heated by the current and their resistance 
thereby altered. In inserting plugs press in lightly and give about 
otie-eighth of a turn to insure good electrical contact. Reverse this 
operation when removing them. The ends of all connecting wires 
should be scraped clean. For a description of the P.O. form of 
Wheatstone bridge, vide p. 319. 

Observations. — (i) Connect up as indicated in Fig. 20, II., 
and adjust the galvanometer needle to zero. 

(2) Note once for all the direction in which G deflects when r^ 
(Fig. 20, II.) is too large to give balance (done by taking out 
** Inf " in Ta with, say, r^ = r^ = 10). 

Note. — Until balance is nearly obtained, only tap Kj for a 
fraction of a second. 

(3) Make r^z= r^= 10, and balance the bridge by altering r^ 
so as to get no deflection on pressing K, and then Kj. If it is 
impossible to get exact balance, note the steady deflection when r^ 
is just too large and too small, and calculate the correct inter- 
mediate resistance to give balance, by proportion. 

(4) Repeat (3) for r^ = r^ =100 and 1000 respectively, and 
then for all possible permutations of the coils in r^ and r^ taken 
two together, one out of each proportional arm. 
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Note, — If the unknown resistance r, is greater than 
Ijiio ohms, then ^^ will be greater than r^, but if r, is less 
than 1 1*110 ohms, then r^ may be either equal or less than r^. 
Tabulate as follows i~ 



J^pcvttoiuL arms. 









M^n, r|. 



Note. — The limits of the P.O. bridge are(-j^^ x r =) o'oi ohm 
and {^^^ X 1 1 ji 10 — } 1 , 11 1,000 ohms ; but measurements become 
less accurate as they approach these limits, 

E24* Measurement of Resistance by the 
Differential Galvanometer. 
IntriHltictioii.^The differential galvanometer method of 
measuring resistance is simple, accumte, and in many cases a 
convenient one. It has, in common with the Wheatstone bridge 
fW.B*) method, the advantages of being a zero method, and also 
of being independent of the constancy of the working battery, 
though for some reasons the \^^B* method is to be preferred. 
The galvanometer must accurately fulfil two conditions; (a) its 
two coils must be of exactly equai resistance ; {b) they must have 
focactly tgnai ma^k-tic cffuU on the needle. To obtain the 
maximum magnetic effect or sensibility the resistance of each of 
the two coils should be about one-third of that to be tested The 
Tange of utility of the galvanometer can be considerably extended, 
and, in fact^ made equivalent to that of a W.B. by the use of 
slitmts* Thus, if the two galvanometer coils are shunted by 

Si and S.J respectively, then (i + |^ Jji: = f i + J^ W 

om which we see that if x was known to be large compared with 

R, we should only use one shunt S, ^ -, ^^i or -^ (sav), whereas 

9 99 999 
X was small compared with R, we should only use the one 
. Sf of similar value as above. 
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Apparatus. — Sensitive reflecting differential galvanometer,^ 

(p. 281), with its shunts, Si, S3 ; battery,^ ; key»K.; adjustable known 

resistance box, R (p. 315) ; and the resistance, a:, to be measured. 

Observations. — (i) Adjust the galvanometer as follows : {a) 

needle to zero by means of the controlling magnet ; {b) by turning 

the levelling screws so that 
on sending a current through 
the two coils connected up 
in opposing series no deflectiofi 
is produced. 

(2) Connect up as shown 
in Fig. 21, and adjust R so 
that on pressing K there is 
no deflection on g. Note 
the value of R, which there- 
FiG. 21. fore = :i-. 

N.B. — If it is impossible to obtain no deflection with the 
available values of resistances in R, adjust R by the smallest 
possible amount, so as to get deflections on each side of zero, 
then calculate by proportion the true resistance which it would be 
necessary to insert at R so as to obtain no deflection. 

(3) Repeat (2) for different values of shunts applied separately 
to each galvanometer coil, and also to both together, and tabulate 
as follows : — 




/VVSA^AAA- 



Resistance of each galvanometer coil,^. = 



ohms. 



Shunt, Si. 



Shunt, S2. 



Right. 



R. 



Deflection. 



I^ft. 



Deflection. 



True res. 
K ohms. 



jr r= - - - R 



Inferences. — Prove the formula given in the last column of 
the table, and state any assumptions made in deducing it. 



25. Measurement of High Resistance by 
the Substitution Method. 

Introduction. — The Wheatstone bridge is quite unsuitable 
for measuring very high resistances amounting to a megohm and 
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upwards. This is due to the fact that the bridge is not being 
used under the most sensitive conditions, and that even a delicate 
high-resistance Thomson galvanometer would not be sensitive 
enough to indicate an accurate halance. The following is a 

^Kmple and accurate method of 

^Kneosuring very high resistances. 

^Bl will almost always be impossible 

^to reproduce the deflection which 
was obtained with the unknown 
resistance alone in circuit, by alter- 
ing the knownj as very high adjust- 
able known resistances are seldom 
airaikble. In such cases the re- 
spective deflections are used in 
calculating the unknown, and these should be as nearly equal 
as possible to give maximum accuracy. 

Note*— To avoid damaging the galvanometer, which is a very 
delicate one, the shunt box provided with it must always be used 
m the way indicated below. 

Apparatus. — Delicate high -resistance Thomson galvanometer, 
G {p. 2S4); shunt box, S (p, 353) ; known high resistanct^, R 
(p. 314) ; unknown resistance, r ; battery, B ; two-way, high-insula- 
lion key, K (p. 337). 

Observations. --(i) Witli tlie short-circuit key of S down, 
cormect S up to G first, and then the rest of the circuit as 'm- 
dicated. 

(2) With it still down, gently tap K for a fraction of a second 
so as to complete circuit through r^ then, if the deflection is 
inappreciable, release K, plug up the ^-^ shunt, and remove the 
short circuit. Again tap as before, and if still too small, release 
K, plug up ^, and so on until a convenient steady deflection d^ 
is obtained. Note this and the shunt S, in use at the time (if 
any). 

N%B, — ^The key K must always be released before altering the 
shunt S* 

(3) Repeat (2) with R, noting the deflection d^ and shunt S^ 
fif any), 

{4) Repeat (3) and (3) for about three or four pairs of deflec- 
ions in dlfTerent parts of the scale, with R and r, by altering S, 
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and calculate the unknown resistance r from the formula {see 
beUnv), Tabulate as follows : — 



Galvanometer resistance, G, ~ ohms at °C,\ form of unknown resistance 


No. of 


Standard known resistance. 


Unknown resistance. 


cells used. 


In ohms, 
K. 


Deflection, 


Shunt. Sr. 


Deflection, 
'ir. 


Shunt, S,.. 


rohn». 















Note. — If S = ^ (say), then — 

^ = TV.or(x+|)=io 

Inferences. — Prove the formula mentioned in (4), and state 
what assumptions are made in deducing it. 



26. Measurement of Very High or Insula- 
tion Resistance (Loss of Charge Method). 

Introduction. — The following is a simple and convenient 
method of measuring very high resistances, such as that of the 
insulating covering of joints and samples of electric light cable, 
providing the condenser used has a sufficient capacity and the 
resistance to be measured is not too high. In this particular case 
a galvanometer is used to measure the condenser discharge. 

Apparatus. — Delicate high-resistance reflecting ballistic 
galvanometer, G (p. 285) ; battery, B, capable of giving a sufficient 
E.M.F. ; condenser, C (p. 354) ; high insulation charge and dis- 
charge key, K (p. 328) ; lacil-iftsu/ated trough, T, of water contain- 
ing the cable to be tested as the high resistance. 

Note. — All connections and apparatus must be insulated with 
great care, all insulating parts being quite clean and free from 
dust or grease. Avoid the use of keys when possible unless they 
are very highly insulated ones. If the cable is an electric light 
one, B should give at least the working piessure for which the 
cable is intended to be used. 
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Observations. — (i) Carefully prepare the free end F of the 
cable as described on p. 46, and train it well out of the water as 
shown. Adjust the galvanometer to zero, and connect up as in 
Fig. 23. 

(2) With a disconnection somewhere, indicated at s and /, 
press K to ^ and charge C fully for a 
few seconds, then immediately raise to 
^ so as to discharge the condenser 
through G. Note the first throw ^/, 
corresponding to a quantity Kj cou- 
lombs. 

(3) Recharge Q fully after connect- 
ing at s and /, and note the exact time 
/, on gently releasing K so as to rest 
tetween blocks a and ^, the upper 
contact a having been previously 
raised to allow of this. 

(4) Allow the condenser to thus slowly discharge through the 
high resistance R to be tested in the trough T; then, after a few 
minutes, close K to a^ noting the throw d^ corresponding to Kj 
coulombs discharge from the condenser. 

Note. — It is best to arrange the time so that 4 = ^i (about). 

(5) Repeat (2)--(4) for about six values of capacity C, and 
calculate the insulation or high resistance from the formula — 




Fig. 23. 



R = 



o'4343 j^/ _ o'4343 - ^ 
Clog I Clogf 



where / = /■, — /^ in seconds. 

Tabulate your results as follows : 



Test made after minutes' electrificatioD of cable ; cable soaked for hours before test. 



Deflectioas. 


Time. 


Time (/a-/,) 
in seconds, /. 


Capacity 

used, C 

microfarads. 


Insulation 
resistance, K 


^1. 


d%' 


h. 


/g. 


megohms. 

















If R is very large indeed, //i and d.^ will be nearly equal, 
unless / is made inconveniently long. This may be obviated by 
using a large E.M.F. and discharging through G (shunted) to get 
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//i, and again discharging after /sees, through G (unshunted) to get 

//a- In the former case, its sensibility can be reduced to any 

extent, whereas in the latter it is used to the best advantage. 

Since, however, the effect of shunting a ballistic galvanometer is 

somewhat indefinite, this method will not be accurate unless the 

correction mentioned on p. 113 is used, or — 

dx 
True ratio = — X true multiplymg power of the shunt used. 

«2 



27. Measurement of Very High or Insula- 
tion Resistance (Loss of Charge Method). 

Introduction. — The following " loss of potential " method 
is suitable for measuring very high resistances, such as is frequently 
met with in either long or short lengths of well-insulated cables, 
and consists in joining the two terminals of a charged condenser 
by the very high resistance, and measuring by means of a sensitive 
electrometer the " time rate of fall " of potential, which may be 
more or less rapid, depending on the magnitude of this resistance 
and the capacity of the condenser. 

Apparatus. — Sensitive reflecting quadrant electrometer, E, 
having well-insulated quarter cylinders and other portions ; well- 
insulated trough, T, containing water and the highly insulated 
cable to be tested ; battery, B, with two flexible wires, which will 
just reach to the well-insulated condenser, C (p. 354). 

N.B. — Great care must be taken that all connections and 
apparatus are highly insulated and free from dust, etc., and 
when possible keys should be avoided for this reason, unless they 
are very good. The free end F of the cable should be carefully 
prepared by paring off about i inch of the outer covering or layer 
of insulating material, then drying this part carefully over a spirit 
or naphtha lamp, and when quite dr>', painting it over repeatedly 
with melted paraffin wax, until the end and about i^ inch of the 
cable is coated with about \ inch of wax. 

Observations. — (i) First connect up C (only) to E, and 
adjust the spot of light to zero. Now touch the condenser 
terminals with the battery wires a and b for a few seconds only, 
and when the deflected spot of light is stationary on the scale, 
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rhether the deflection falls appreciably on removing a and 
it does not, the quadrants of E are weil insulated enough 
for the test* 

(2) Coiinect up as in Fig. 34 now, and again touch C with 
a and b for a t^^ seconds, and immediately the spot of light is 
stationaiy remove a and ^, noting simultaneously the deflection 
/j correspondmg to a potential i'^, and also the time t%. 




Fig. 24, 

tj) Wlien this deflection has fallen to about Vi, note its exact 
^lue d^ coiresponding to a potential f '», and also the time 4 

Calculate the high or insulation resistance R from the 



R = 



o'4343 ' ^ ^ o 4343 . ^ 
Clog,o';* Clog"^^ 



V,2 ^ 4 

bere / = 4 — A in seconds, 

j) Repeat (2)"(4) for about six different values of capacity, 
ibulate thus= — 



r lerted ^Wr niinvtca'^ el^cfriftcrtEion ; sQ<%ked for lK>ur$ in walcr befoft test. 



iSfin- 


tore of 


Capadrjr, 

C idicro^ 




Tlm^ 




Iniiilatian 




^1. 


d^* 


H. 


H. 


m^ohm^. 


h» 



















Inferences- — Prove the relation given in (4), and state any 
umptions made in obtaining it. 

Note, — If the insulation resistance R^ of the condenser is so 
bw comparcfd ttith the rt-*sistanee R, through which it is discharged 
Ici add nuterially to the rate of discharge, then its own 
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insulation resistance must be found by the following method, and 
from the law of combination of resistance in parallel we shall 
have — 

- = -+ ' 
R R, Rr 

whence Ki=- — - 



R,-R 

where Ri = true insulation resistance of the cable under test, and 
R that found from the above experiment. 



28. Insulation Resistance of Condensers 
(Loss of Charge Metiiod). 

Introduction. — The preceding method with the electro- 
meter is one of the best for determining the insulation resistance 
of the condenser itself, for any baUistic method is likely to have its 
results vitiated by the effects of residual absorption, etc. 

Apparatus, — Sensitive reflecting quadrant electrometer whose 
quadrants are very highly insulated ; battery and condenser to be 
tested. 

Observations. — (i) Place the electrometer across the ter- 
minals of the condenser, and then bring the flexible battery leads 
to the latter sp as to charge it for a few seconds. 

(2) When the deflection is quite steady, remove the battery 
leads, and take suitable time-readings of the fall of the deflection, 
until this reduces to about half its original value v^ \ call the final 
value z/2« 

Then the insulation resistance of the condenser — 

R = megohms 

Clog,,^] 

where / = number of seconds it takes for the deflection to fall 
from 7'i to z'a, 
and C = capacity of the condenser in microfarads. 

(3) Plot a curve having values of diminishing deflections as 
ordinates and times of noting these as abscissoe. 
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29, Measurement of the Insulation Resist- 
ance of a Leaky Condenser 
Loss of Charge Method employing Shunts), 

Introduction. — The following galvanometer method of 
measuring insulation resistance by "loss of potential " is suitable 
leaky condenstirs whose capacity is not accmately known, and 
isisls in altering the sensitiveness of the galvanometer as re- 
by using a shunt, S, and applying the corrections for it as 
letermtned in ibis method. 
^^ , Apparatus. "Battery; leaky condenser, C, to be tested ; sensi- 
^Bve high-resistance reflecting galvanometerj G (p. 2S5) ; shunt, S ; 
^Mfh-imulation two-way key, K ; potentiometer arrangement, ACB, 
Hl&r getting two P.D.*s, i\ and v^^ bearing a known ratio (viz, r, and 
I fi respectively) to each other ; a well-insulated condenser^ Cj, of 
I known caf»acity ([>. 354). 

Observations,— A. (i) Connect up as in Fig. 25, with C 
only in cirojit at first, and adjust the galvanometer to zero. 

(2) Fully discltarge C, and with 
by S, dose K to a^ so as to charge 
the condenser C to a potential v^y 
and note the first throw D, on G. 

(3) Allow C to stand tnuiiatcd for 
/sees., and disconnect S by releasing 
l^r high-insulation key in its circuit. 

(\) Close K to a again, and 
nctc the first throw D^ on the un* 
bunted galvanometer* 

(5) Repeat (2)-(4) for three or 
ur differenl values of S, #*„ and r,. 

Ilie value of C and the increased multiplying of the shunt S 

I be obtained as follows :— 

B, (1) Insert the condenser of known capacity, C, (microfarads) 

:he place of C, and adjust the galvanometer to zero if necessary. 

(a) Qose K to ^, so as to charge Ci with the same potential v^ 

i the gsdmnometer unshunted, and note the throw d^ divisions 
I ihe gjdvanometer. 



the galvanometer shunted 




so 
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(3) Discharge Ci completely, and shunt G with the same 
shunt as was used in Obs. A (2). Now close K to b^ so as to 
charge Ci with an increased potential z/„ and note the first throw 
//, on the galvanometer. 

(4) Tabulate your results as follows : — 

Capacity of well*in«ulated condenser, C i , = mfds. ; galvanometer resistance, g^ = ohms. 











1^. 










A, 




^% 


cS- 


*■ 


i/f. 


Shunt. 


Mu]tifi]yitiE iKiwer 
ofahuOE, 


Di- 


Da. 


Tiine 
ill 


Capaeitv«r 1 Iiunlttiaa 
Cmfds. bniesobiH. 

1 























Note. — If Kj = number of coulombs in the leaky condenser C at 
first charge, 
and K, = number of coulombs in the leaky condenser C at 
end of / sees., 

and hence zt- =^prT7 f: 

Ka DiMi — Dj 



30. Measurement of Low Resistance by 
the Potential Difference Method. 

Introduction.— The Wheatstone bridge is inapplicable for 
measuring very low resistances, and even if such were just within 
its range, the measurement would not be accurate. The following 
method, which depends directly on the definition of resistance, 
can be used to accurately measure very low resistances, such as 
are met with in large electric light cables and the armatures of 
dynamos and motors. The P.D. at the terminals of each resist- 
ance can be measured relatively by a sensitive galvanometer, 
whose resistance is large compared with that between the two 
points to which it is applied. Under these conditions its insertion 
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will not lower the P.D* to be measured. If it is a reflecting 

instrument the scale deflections will be proportional to the P,D, 
Apparatus,— Known standard low resistance, R (p*3T3); 

low resistance, f\ to be tested ; Pohrs commutator, C ; secondary 

cell, B ; rheosmi, Rh (p. 30S) ; fairly high resistance galvano- 

meter^ G; reversing key, K (p. 329) ; switch, S. 

Observaticins. — (i) Connect up as indicated m Fig, 26, and 

adjust the galvanometer needle to about zero. 

{2} With Rh full in, close S, and adjust the current to give 

about quarter-scale deflection 

with the largest resistance of the 

two^ for then the deflection with | 

the other is bound to be on the A 

scale; then note the galvano- 
meter deflection on each side of 

itm by turning K, when G is 
iCTOss each resistance in turn, 

N,B. — The resistance Rh 
should be sufficiently high to pre- 
vent the current strength altering 
dunng any one pair of observa- 
tions, and to prevent this current 
being strong enough to sensibly wami the resistances* The more 
sensitive the galvanometer the smaller this will be* After taking 
(Reflections with tlie second resistance, it is advisable to retake 
ifeose witii the first in case the current has altered* If they are 
not the same, take the mean of those on the respective sides of 
itto* For very accurate work a reversing key should he used 
ttlh B to eliminate any thermo-curretit effects, 

(3) Reiieat (2) for half, three-quarter, and full scale deflections^ 
and calculate the unknown resistance r from the formula — 

Tahialate as follow^s :^ 




Fig, 26. 



ham Ettibtaaoe teited 



I stftodard low [Ciiit»nce = ahisiw 



rttfcetim acni«i IL 


I>ellceti4n afnoss r.. 




Uokaawn, 


High* , Left, 


Meuk. 


^ffh(< 


Left- Mesut. d,^ 




1 
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Inferences. — Prove the formula given in (3), and state any 
assumptions made in deducing it What sources of error is the 
method liable to ? How can they be minimized ? 



31. Variation of Resistance with Lens^th, 
Diameter, and Material. 

Introduction. — The following constitutes an important and 
exceedingly instructive test, the results of which should be known 
and committed to memory in the early stages of experimental 
work. The coils to be experimented upon {^ide p. 346) are con- 
tained in a box fitted with three rows of terminals, to which they 
are severally attached. The first row consists of coils of wire of 
the same . material (platinoid) and diameter (0*0x3 inch), but of 
different lengths, viz. 5, 10, 20, 30, 40, and 50 feet respectively. 
The second row consists of coils of wire of the same length 
(20 feet) and diameter (0*012 inch), but of different materials, viz. 
copper, brass, lead, iron, German silver, platinoid, manganin, 
eureka. The third row consists of coils of wire of the same length 
(20 feet) and material (platinoid), but of different diameters, viz. 
0*003, 0*0096, 0*013, 0*0155, 0*0184, 0*024 inch respectively. 

Observations. — (i) Measure the resistance of each of the 
above coils by means of some convenient method, noting the 
temperature of the room at the time. Tabulate your results in 
the following form : — 



Material. 



! Deflection 
I (if any). 



Resistance. 
R. 



Length, 



Diameter, 
d. 



I Sectional 
I area, A. 



cub. inch. 



9 
perc.c 



(2) From the results of the experiments with wires of different 
lengths, plot a curve having resistance as ordinates and lengths 
as abscissae. 

(3) From those on wires of different diameters, plot a curve 

connecting resistances and values of - , where d = diameter of 
that wire. 
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Inferences- — ^Deduce the laws connecting {^i) resistance 
with length ; {b) resistance \vith diameter from the results of the 
aboTe e^perimetits. Combine these laws so as to apply to wires 
of the same material, in which both length and diameter may 
vaiy together. From results of the ex peri men Is on wires of 
different materials, calculate the ''specific resistance'* per inch 
cube and per centimetre cube, for each of the materials used, 
from the formula— 

where R ^ measured resistance in ohms, 
L = length of wire, 
p ^ specific resistance required, 
A ^ sectional area of wire* 



32, Laws of Combination of Resistances 
In ParalIeK 

Introduction,— The law or equation which gives the combined 
or ffffcihi risisitmcc that two or more sepamte resistances in 
pamtlel introduce to the passage of an electric ctirrent in a circuit 
% a very important one. The following experiment is intended 
to prove the same, and it is assumed that the student is already 
^miliar with the use of the " metre form '* of Wheatstone bridge 
for measuring resistance* 

Afiparattss. — Metre bridge ; sensitive galvanometer^ G ; 
itandard adjustable known resistance, R, ; Leclanch^ cell, B ; box 
coMaining four coils, A, B, C, and D, arranged so that they can 
be connected up singly or in all possible combinations of series 
ami parallels, R^ ipidi p. 347). 

Nonu— In all cases measurements will be most accurate when 
the galvinometer slider key is in or near the centre of the bridge, 
ii* when Ri = R2 approximately. 

Observations. — (i) Connect up as indicated, and adjust the 
Jpot of light to zero (about), 

(2} Measure the resistance of each of the four coils A, B, C, 
iftd D separately. 
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(3) Measure the resistance when they are two, three, and four 
in series. 

(4) Measure the resistance of all possible combinations taken 
two in parallel, 

(5) Measure the resistance of all possible combinations taken 
three in parallel 

(6) Measure the resistance when the four coils are in parallel, 
and calculate the combined resistance as given by the bridge from 

the formula Rj = -* x Ri, and also as given by the formula to 

be proved, ^- = — I" ^ + ^^^•» ^"^ tabulate as follows : — 
R2 A B 





Position of slider. 


Known 


Unknown resistance. 


Combinations 
of coils. 


/l. 


/2. 


Measured, 
R2 = ^jXR, 


Calculated, 















Inferences. — Prove the formula given in the last column of 
the table. 



33. Comparison of Resistances 
(Magneto- Inductor Method). 

Introduction. — This method is based on a special application 
of Ohm's law, and depends on the principle that when a coil of wire 
forming part of a closed circuit suddenly cuts the lines of force 
due to a magnetic field, an E.M.F. is induced in the coil which 
sets up a transient current in the circuit. This current by Ohm's 
law will be inversely proportional to the total circuit resistance. 
It will thus be seen that the magneto-inductor constitutes the 
battery of the arrangement, with, however, the distinctive difference 
that its E.M.F. is only a transient one. The method is a very 
simple one, and has the advantage that the induced current is 
of too short a duration to alter the resistance of the circuit by 
heating it. 

Apparatus. — Magneto-inductor, M (p. 358) ; suitable ballistic 
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gaKianometer, G (p, 283); a three-way key, K; and the resist- 
ces, Rji R^ to lie com[iarctl 
O&servatiotis. — (i) Connect up as in Fig, 27, and adjust 
the galvanometer to zero, 

(3) Close Ki,and with the galvanometer perfectly still slip the 
inductor coil, and note the first throw 
d of the spot of light. Do this two 
or three limes and take the mean. 

(j) Repeat (2) with K3 closed, 
noting the mean first throw d^. 

(4) Repeat (2) with K3 closed, 
noting the mean first throw 4- 

(5) Calculate the unknown resist- 
ance, if one of them is known, and compare them from the 
relation — 

Ri d — di ■ d^ 

R, " ./ " d^ d. 




Fig. 27. 



(6J If R^ (say) is an adjustable known resistance j repeat (3)- 
(S) for about six difterent values of it, and ubuhte youi results 
as follows :^ 





^^ ohm^; rctiULiuice df M ^ obnn* 


<#. 


*^1^ 


^3* 


Ri- 


Ra 


Kj. 








1 





X.B. — If the throws are too large to be readable with Ri and 
R; aTone» any resistance may be inserted in series with the gal- 
vanometer to reduce them* 

Inferences. — Prove the relation given in (5), and state any 
assumptions made in obtaining it. 




34. Determi nation of Specific Resistance* 

Introduction.— Tiie specific resistance of any substance is 
the resistance between opposite faces of cither an inch cube or 
Qtimetre cube of the substance offered to the passage of a 
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current which is assumed to flow normally to those faces. It is 

usually denoted by the Greek letter p. 

If ^ = diameter of a mre of circular cross-section, s and / its 

length — 

r«, . . ^ I Ip 4lp 

Then its resistance R = -p= ^•= *" 

A ira* triP 

4 

whence p = 

4* 

If R is in ohms, d in centimetres, and / in centimetres, then p 
will be the specific resistance per centimetre cube of the substance. 

Apparatus. — A length of wire to be experimented upon, pre- 
ferably not less than 2 metres long and about No. 22 B.W.G. 
gauge; Wheatstone bridge, complete with galvanometer and 
battery for measuring the resistance of the sample ; finely divided 
scale for measuring the length and micrometer gauge for the 
diameter. 

N.B. — Errors made in measuring / and R will be minimized 
when both these quantities are fairly large, but an error in the 
diameter is the most serious, and the most likely to occur from its 
being so small as a rule, and necessarily so if R is large. Any 
such error will magnify up from the fact that it is //* and not // 
which is used. 

For great accuracy the micrometer gauge method of getting d 
may not be sufficient, and recourse may then be had to its calcula- 
tion from the mass, length, and density of the wire by weighing in 
water. 

Thus, if 7a' = its true weight in grammes, and o- its density in 
grammes per cubic centimetre, the sectional area in square cen- 
timetres — 

_ vol. __ w ird- 

^~ I - ar ^ 

Hence, substituting in the above equation, we get — 

Ra' ^ 

* We may obtain <r by suspending the specimen by a very fine wire from 
one arm of a delicate chemical balance, and finding its weight w^ grms. in air 

and Tf'j grms. in pure water, when <t will = " ' . 
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Observations. — (i) Carefully measure the resistance R of 
ihe specimen by the bridge, using all possible combinations of the 
proportional coils, and take the mean of these detenninations 
(md€ p. 39), 

(a) Very carefully bare the wire (if insulated) at some four or 
five places where it is perfectly straight, taking great care not to 
sciatch or scmpe it, and then measure the diameter at each by the 
^auge and take ihe mean. 

(3) Very carefully measure the total length of the specimen 
two or three times and take the mean^ and note the temperature 
of the room. 

(4) Calculate the specific resistance of the material from the 
above relation, and record all your observations as follows :— 



Mal)eria£& icsLed 



ccmperatuTc of voam — ** C = i^ C. 





PfObOTtionttl 
arras of brid^. 


ami, r-i* 


Resistance, 


R cor* 
reeled for 


Spteific 


Used), 


Dismetet, 


r*. 


r^. 





















N.B, — The relation between p and tem|xrrature can be 
obtained by immersing the specimen in paraffin oil, employing 
some coiiTenient arrangement similar to that described on p* 350, 
»fld taking a series of measurements of resistance at ditferent 

tieraperatures. These should be plotted in the form of a curve, 
with resistance as ordinates and temperature as abscissse. 



35, Relation between Current and Amount 
of Heat generated • 



introduction,^ — The relation mentioned above is onu of the 
'lUaosi im^jortance in electrical work, and is embodied in the 
oombiiiauon of two of the most important fundamental kws in 
Qintent electricity* The object of the following experiment is to 
investigate this relation, 

Apimratus. — Electro-calorimeter, E (p. 35 o) j current measurer, 
A; variable resistance, Rh (p. 308) ; secondary battery, B (p.j^S) ; 




{ 






;S 
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kev, Iv . 'nronoiiiecer f aYaiioble. or stop-watch beating half- 
seconds, tree. 

Ofciiii iBitI— i I } Connect jp as in Fig. 28, and adjust 

the pointer oi A :o :ero :f necessazy. 

•) Fill :he inner ropper -an with tap-water so that the 
i^asianre wire is completely im- 
noened. and see tiat when in positioo 
mis can is in the centre of and is 
separated mim the outor tin can by 
the :eit mig under its rim. 

3; When all is ready, close K 
and > [uickly adjust Rh to give a con- 
venient current (say 2 amps.), which 
oiust be kept constant^ and inunediatdy 
begin :o note the tanperadu^ of the 
vTUunmecer by means of the themo- 
.neter t every minute (say for 15 
mmures , keeping the liquid coo- 
dnuousiy stirred all the time, so as 

to maintain a onilbrm remperature throughout the water; then 

open K. 

J 4) Now begin at once to note the temperature / as it &lis 

every 5 or i o minutes, rrom rhe moment ot opening K down to 

almost the original startmg temperature. 

(5) Repeat 13) and « 4. for two other cmrent strengths (say 

3 and 4 amps, i tor 1 2 mmuces, and tabulate all your results in a 

convenient manner. 

«6) Plot a curve for each set yii ascending azid descending 

values of temperature tor each current, on the same curve sheet 

having values of temperature as ordinates and time as abscissae. 

(7) Correct the heating cur\c by means of its corresponding 
cooling cur\e, so as to obtain a third curve for each current used, 
indicating what the rise of temperature would have been had there 
been no loss of heat by radiation and convection, etc., during the 
heating operation. 

(8) Compare the "tangents" of the angles which each of 
these third curves make with the axis of time with the respective 
current strengths used, and see whether — 

Ci^ : Ca^ : Cj- = tan a, : tan (jl^ : tan cu, 
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Note. — To obtain this third corrected curve, proceed as 
follows : Divide the axis of time into minutes, or even half* 
minute intervals, then commencing at the beginning of the healing 
curve, add the drop of temperature during the given interval at the 

I lower end of the cooling curve to the ordinate of the heating 
|lirve at the end of that same interval. Do this for a number of 
litervals throughout the range, and draw a fnenn curve through 
■ese new points, which should be a straight Ihie, 
I Inferences. — State very clearly rnxd concisely aii the infer- 
ences you can draw from the results of the above experiment, and 
, state what you consider to be the relations between current strength 
^id {a) temperature, {fi) amount of heat generated in each case, 



36. Determination of the Mechanical 
Equivalent of Heat (Electrical Method). 



Introduction. — ^The above-mentioned quantity, commonly 
tenned '''Ji^uk's cquivalmty^ can be obtained approximately by 
means of an electro-calorimeter ; but before proceeding wkh the 
method of performing the teslj it may be advisable to deduce our 
expression for the ** mechanical equivalent,'" or Joule's equiva- 
lent J which is usually denoted by the letter J, Jf a current A flows 
for a time /, the total quantity Q of electricity transferred in that 
_time is Q = At; and if this is caused by a P.D* = V, then 

' work done, W, by the current in this time is — 
W = AYf = A'R/ = VQ 

en R = resistance through which the current A flows^ 

and V ^ AR by Ohm's law. 

NoWj the amount of heat, H, produced is a measure of this 
lork done when all the latter is converted into heat, Ifj then, J 
pitoils of work are equivalent to one heat unit, the work required 
to produce H lUiits of heat will = JH, 

Hence JH = AV^ = A^R/ = W 

This equation assumes that all the heat generated in the coil 
calorimeter whose resistance is R is transferred to the 



I 
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water, and is operative in raising its temperature. This is not 
strictly true, for some still remains in the wire, some is conducted 
through the end connections of the coil, and some is lost by 
radiation. If, however, the calorimeter is suitably designed and 
the final temperature not allowed to rise more than a few degrees 
above that of the room, the errors introduced from these causes 
may be negligible for all but extremely accurate determinations, 
when of course the apparatus indll require to be of a more 
elaborate form. 

The amount of heat H is determined as follows : — 
Let W = weight in grams of water in calorimeter, 

Wj = weight in grams of calorimeter alone, and Si the 

specific heat of its material, 
Wa = weight in grams of stirrer alone, and Sa the specific 
heat of its material, 
/j°, t^ = initial and final temperatures of the water in degrees 
Centigrade, 
Then the total amount of heat generated, H, = (W+WiS, 
+W2Ss)(/2 — A), assuming no loss from radiation, conduction, or 
convection, and if A and R are in C.G.S. units and / in seconds, 
we have — 

J = = ergs per grm. degree Cent. 

This is commonly termed '^Joule's law^' and it states that 
the amoimt of heat required to raise the temperature of i grm. 
of water from o° C. to i° C. (which is the calorie) is the same 
as what would result from the work done in lifting this same 
weight of water a vertical height of 42,400 cms. 

But to lift I grm. through r cm. requires the expenditure 
of 981 ergs. Hence the mechanical equivalent of heat, J, 
= 42,400 X 981 = 41,594,400 ergs i^ier gram degree Centigrade. 

In electrical measure the joule is the amount of work done or 

turned into heat when i amp. flows through i ohm, and hence 

at the P.D. of i volt for i sec, or J = a volt-amp.-sec 

= 10'' X 10"^ = 10^ ergs or C.G.S. units. Hence, assuming that 

J = 42 X lo*^ ergs in round numbers — 

10" I 

I joule would raise . = = 0*238 grm. of water 1° C. 

•' 4*2 X 10' 4*2 "^ ^ 
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Thus H = o*a38CR/= number of heat units (calories) 
iuced by C amperes flowing through R ohms for / sees, 
Ap|»aratu5. — Precisely the same as that in the last experi- 
ment, and the tliemio meter should be capable of being read to 
at least ^"^ C. 

Observattotis, — (i) Connect u]j as in Fig, 28, and adjust 
pointer of A to zero if it needs it, 

(2) Wash the copper can with clean water^ dry it thoroughly, 
^nd when quite cool, carefully weigh it accyrately on a chemical 

balance. 

(3) Nearly fill it with tap-water, and agam accurately weigh it 
so as to obtain the total weight of water, 

Noi'E.— There must be no drops of water hanging to the 
cmtside or rim. 

(4) Place it in position, and at a noted instant si^itch on 
qdckl>% adjusting the current to say 2 amps., and immediately 
mjt« the reading on the thermometer. 

(5) Keep the cwu^wt perfecliy c&nstaNi by means of Rh, stirring 
gently and continuously all the time, and switch oflT when the 
tjemperature has risen to such a value that it i& as much above the 
lenijieTature of the room as it was below this when the test started. 
Note the temperature and time of switching off. 

N.B. — ^This will practically correct for radiation^ for it will 
receive as much heat from the room in the first part of the 
eiperiment as it gives out to the room in the last part. 

{6) Repeat (3)-(5) for two other currents (say 3 and 4 
amijs.f, and tabulate your results as follows : — 



- 


■^•^yr*" 


w^ = 


ti ! 


: 


M M 
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I wire, R,= 


obmi. 


r^. 


TemtKraLiir^. 


£"5 6 

in 


V.1I , 
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Inferences, — State clearly what precautions and corrections 
jou would apply so as to obtain a very accurate result 
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37. Relation between Resistance and 
Temperature for Different Metals. 

Introduction. — The apparatiis consists of a Post-office 
Wheatstone bridge with its battery and galvanometer (in this 
case a D'Arsonval) together with the coils to be tested {vide 
p. 350), composed of five different important metals wound on a 
hollow perforated bobbin. They are immersed in an irmer vessel 
containing oil, and fitted with a thermometer and stirrer. This 
vessel is immersed in an outer one containing water, the tempera- 
ture of which can be raised by a bunsen burner. The terminals 
of the various coils have the letters A to £ between diem as 
follows : A, platinoid ; B, copper ; C, manganin ; D, German 
silver ; E, soft iron. It is assumed that the manipulation of the 
Post-oflfice Wheatstone bridge is already well known. Um/ormity 
in the temperature of the oil bath^ and therefore of every part of a 
coil, can only be ensured by continual stirring, and it is absolutely 
essential for a successful experiment. 

Observations. — (i) Adjust the spot of light to about zero, 
and before applying any heat, measure the resistance of the coils 
selected at the temperature of the room, noting this on the ther- 
mometer immersed. 

(2) Slmvly raise the temperature about 8° C, keeping the oil 
well stirred, then remove the flame from underneath, and continue 
to stir for two or three minutes, so as to make the oil of tmiform 
temperature throughout and that of the coils the same as the oil. 
Now measure the respective resistances and the corresponding 
leinperature at the moment of balancing each. 

(3) Repeat (2) about every 8^ C. up to 80° C. 

(4) Take a similar set of observations during cooling, and 
lubulate as follows :— 



Nlitlrri.il. 



Resistance, R. 
Heating. Cooling. 



Temperature, T^. 



Heating. Cooling. 



(S) Uiaw the heating and cooling curve for each coil tested, 
liuNUig l< UH ordinates and T° as abscissa;. 
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(6) Select, from the best curve for each coil, two pairs of 

rpoints at different parts corresponding to resistances r„ r^ at 

tmfieratures A and t.^ respectivel>% calculating for each pair of 

xmm the coefficient a of variation of resistance with temperature 

liet degree Centigrade from the relation — 

Tx _ I +^1 

r» 1 + a4 



n; 



38. Measurement of Resistance and Tem- 
perature Coefficient (Carey- Foster Method). 



^(1 

i 



fntroduction, — ^It has already been mentioned, in conitection 
mth measurements in general by the W heatstone bridge, that the 
ixTSE and most sensitive arrange mt;nt for a given galvanometer is 
wbai all the^*rr arms art equals or nearly so, for then the fall of 
potential down each arm is the same when balance is obtained, 
and any small deviation from thiii balanct- will cause a larger 
leciion with equal arms than when they are unequal. Or, 
1% if, as will generally be the case, it is impossible to make 
arms equal to obtain balance, then to obtain the most sensitive 
sfiangemeni, either the galvanometer or batter}^ which ever has 
^ higher resistance, should be connected between the junctions 
of the two high and the two lower resistances forming the arms. 
From these remarks it will be gathered that the accuracy of 
metre bridge will be greatest when the resistances being com- 
in the two gaps are nearly equal, and therefore when the 
Wer galvanometer key is at or near the middle of the stretched 
It will J in addition, be obvious that as the resistance of 
lnetre*bridge wires is usually from i ohm to 2 ohms only, 
the accuracy of the measurements becomes less as the resistances 
measured become greater. In other words, the form of bridge 
ibown on p» 316 is only suitable for the measurement of low 
taistances of the order of, say, \ to 2 ohms. Its range and 
jJensibility can, however, be increased by having more than one 
ched wire, and putting them in series with each other and 
by side, which arrangement has the further advantage that 
\ gnen error m reading the position of the slider at a certain part 




1 
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of the scale will cause a smaller error in the result as the length 
of the wire gets greater. This will be at once evident by con- 
sidering the relation r, = ^ , r^ for the metre bridge (p. 37), 

where r^ and r^ are the lengths or resistances of these either side 
of the slider key. If, now, an error of one division is made in 
reading the slider key, then — 

^4+ I 

r, = - . r, 
n- I 

and it will be quite evident that '*- - will become more nearly 



= - as ra and r^ become greater ; in other words, the error will 
become less and less as the length of the bridge wire gets greater. 



S 



Xn^'^^STKT. 




cf 



Fig. 29. 

The metre bridge can, however, be modified slightly in construc- 
tion to the form shown on p. 316, by giving it four gaps when it 
can be made available for comparing higher resistances. Thus 
suppose the resistances P and Q to be compared are inserted in 
the end gai)s and are of about the same value, and that two other 
resistances, R and S, ajiproximately equal to either P or Q, are 
placed in the other two gaps. Then, manifestly the four arms 
R, S, (P -f AC), and (Q + CB) are about equal, and C wUI be in 
the middle portion of AB. Thus we have the conditions for 
maximum sensibility and accuracy, but at the same time the range 
of the bridge has been diminished. Now, considering the Carey- 
Foster method of comparing the two resistances P and Q, let 
r, = resistance of the end connection on the bridge between 
P and A, and ;•, that between Q and B ; also let L = total length 
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of the wire AB, and p the resistance per unit length. Then, if 
balance is obtained at C, we have by the ordinary law of the 
bridge— 

R^ Pjfrijf p(AC) 

S Q + n-fp(CB) 

If P and Q are interchanged and R, S kept as before, then — 
R^Q + r, 4-p(AC;) 
S R 4- r, -f p(BC') 

when C is the new point of balance. 

From these two equations, by a well-known rule in proportion, 
we have — 

R ^ P -f r^ + p(AC) 

R + S P4-Q-fr, + r, + p(AB) 

, _R_^ Q 4-r, + p(AC) 

R + S P4-Q4.r, + r,+ p(AB) 
hence P + r, -f p(AC) = Q + r^ -f p(AC) 
/. P - Q = p(AC' - AC) 

In other words, the difference between the two resistances P and Q 
compared is equal to the resistance of the bridge wire between the 
points of balance C and C, and the result is independent of the 
resistances between P and A and Q and B, also R, S, and AB. 
It is, however, necessary to know p, which can be found by the 
method given on p. 68 or 70, or as follows : Substitute for Q a thick 
copper connector across the right-hand gap, then Q = o very 
neariy, and if P has a value slightly smaller than the resistance of 
AB, dien by the above method of interchange — 

P = KAC-AC).orp = ^^-^ 

which assumes that the wire AB is of uniform cross-sectional area 
throughout. If this is not true, then p must be obtained from a 
calibration curve of the wire by the former method. It will now 
be seen that when an accurate standard resistance Q (p. 313) is 
available of the same magnitude as the unknown P, or nearly so, 
this latter is given by the relation — 

P = Q + p(AC - AC) ohms 

This method of Carey-Foster*s constitutes one of the best and 

F 



tC /'•^JL^i.-fl ^iSZnZBL ^csSzi^, 

TDrsv arronair i;r Jcttrrmnimi inr *' Trmntrdirr cxffidenr of 
virsicinr. :c Ttssfcann:-. ani Tit :ni^ ibscn:»isd oo p. 317 is one 
:c znr m.is: nri'-nen: am arrinsir i:^rn& f:c carn-ing out the 
Tari±i>i. icai lar inurrrjmrrnj: int rt:iiif • t^i Q. In the follow- 
33C rtanL.rt> vt sruJ. ^isimt Tnac tni? ircm re 1 lidire is the one 
ised. roc c sn:mii :ii -ransm:ier-L ir.£: rifr Ai»pihr in general to 
iHT .xntr r:ir\'r^n!n: imt nf T:ha*!r "roixffc. Refening to Figs. 
i?-^ :t: 7. 5:* ^ nfc Tvr ^u: rziiJs. -., '^-. coiTesponding to R 
xT>i S n rife Tir?rt»din£: -"ionLrcs. rsmtiz siEbcatrr dirooghout the 
Tiscs^ ijji ?:c itrv jirraciirt » :ci sbnaii "rit liiaceid in the same 
^Titir-riLrx i^ rrujrcLniri i: l unifnrn: rt!sii»c:r2r.:j^ by means of 
i casscim scr-LTL ,T itT-vxTir. T:ii :c»ii? «": aixi r^ (Fig. 171) 
c:cT«ccoi r: F i->i ^. mi rnii> t^ ':«c cjcnrjarcd. and should 
e*cii hfcTt :i5 r«T n-i.:cc-:;Lrr uii rritrrDrcDrtcT. One of these 
Hiisi be X iCKiitrd tri: »-:: rrfs^iL^rr sty *^ :, aad must be kept 
i: JL cj^^^zLZ z-njk^an.-, ':t l ^zrsirr :c 1 ni-naicT passing through 
its hiih ; ibc ocber ^5:25: :ic riiuj-ji .if :»rrii: bcfcteid to 70" or 80' C, 
preftjxr'y ; v s:ei=;i. Vxrr^c^ i::=?c :< sc xnuired thai Tj, r-, r„ 
and •-, ire iV. cc iS.-<;: !.■« s^tr^r r:s:iC£r>c*, iud thai of the bridge 
^rirc :.7- F:^ 37: :.^ su::, I:. Un^r^ R. R. ane ibe resistances of 
the ex. r ts> bt trtCi»i x: rfr.^r<rjLr.:re^ r and // C„ we first find 
R. — Q -: :tr^:>: r::r.:ri r C ar*/. R, — Q at -•/ C. in the way 
iryiicatri -Ir^r, HhtT: »-. xr^iV. h::>^ tl*^- iacT>ease of resistance 
R. — '^ — R. — Q = R — Ri v-^'^rre^roiviin*: to the rise in 
trinrierir-rt -• — v -^-- - Ri = res:>cm."e v>f P at the temperature 
c C. ar.d ^ = .\>r~c lt.: v^f -r^.r-.-ifsc of resistance per d^ree 
Cc-:i,-ir. tht::- 

R = R. 1 - or, J 
::ni R, = R. : - ^, 
_ R - R. 
•*'~R r -A. 

.Mnce :r.i> :> a -n.^;; . u..r:::y. R net;^i or.'.y be approxinutely 
Known \%:tr^ou: L-.ircKiuc:::^ a: : rtrv:.\". '.l trior in the value of a so 
o'Main-_-f. 

Apparatus.— Suiter bridge c »n-.;. lere with ratio coils and 
standard kr;j'.vn rc>:>tancc : lattery; sensitive gah^anometer : 
rcv^.-r.:n^ k-y : r.oii of materia: to ie tested suitably mounted in 
the way mentioned. 

Observation^.— O ; Connect the battery through the reversii^ 
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key across terminals Bj and B, (Fig. 171), and the galvano- 
meter across GiG„ and adjust the galvanometer to zero. Turn 
the water on, and allow it to flow until the thermometers are quite 
steady. 

(2) Balance the bridge by moving K until no deflection occurs 
on the galvanometer. Note the temperature t^ of the coil tested 
and the reading Ci of K. 

(3) Now reverse the battery, and again quickly balance, noting 
the new position C/ (if altered). 

(4) Turn D so as to interchange the positions of r^ and f\y and 
again quickly balance, noting the new position C,. 

(5) Reverse the battery, and again balance, noting the position 
C,' (if altered). 

N.B. — By reversing the battery in this way any thermo-electric 
current effect due to unequal heating of the contacts of two 
dissimilar metals can be allowed for, otherwise an error might be 
introduced. 

(6) Carefully warm up the bath containing the coil tested 
about 12** C, and allow it to fall gradually some 3° or 4° C, when 
the coil will presumably be at the same temperature as the bath. 
Note this temperature /„ and very rapidly repeat (2)-(5). 

N.B. — If the temperature falls appreciably, take the mean of 
the initial and final thermometer readings for tabulation. 

(7) Repeat (2)-(6) for about seven or eight different tem- 
peratures of the coil to be tested up to about 70° or 80° C, the 
standard being maintained all the time at constant temperature, 
and tabulate as follows : — 



CqQ tested : material ; resistance, Ro» = ohms at o° C. ; stand, resistance = ohms at '^C. 
Katio cdls used : rests. = ohms ; bridge wire used ; p of bridge wire = ohms per div. 



Reading cS the bridge. 



Carrent 
M. 1 reversed, 
C,'. 



Mean, 



Coils interchanged. 



Current 

reversed, 

Ca'. 



Mean, 
C«. 



Temi>erature of coil 
tested. 



/!• 



If 
altered) 



Mean, 



(r^- r4)= Temp 



(8) Plot a curve having values of temperature / as abscissae, 
and corresponding resistances of the coil tested as ordinates. 
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Inferences.— State in words what a really is, and also any 
inferences that can be drawn from the test For extreme accuracy 
are any other precautions necessary ? and if so, state them. 



39. Calibration of a Metre-bridge Wire 
(Carey- Foster's Method). 

Introduction. — The following method is a very simple and 
convenient one for determining the resistance p of unit length of 
the stretched wire in different parts of the metre bridge, and 
hence the uniformity of this wire, which is the one condition to 
be fulfilled if the bridge is to measure resistances accurately. It 
will therefore be seen that the present test is a very important 
one. It can most conveniently be applied when a second metre 

bridge, ab^ is available, when both 

EI9 o oi C^T\ bridges will be calibrated simul- 
^ h taneously. Fig. 30 shows the 
T *^>^ arrangement of apparatus where 

AB is really the bridge wire to 
be calibrated ; G, a sensitive gal- 
vanometer ; B, a battery ; r, a 
thick copper bar of as small i 
resistance as possible, capable 
of closing either the gap P or Q ; 
a piece of wire, W, soldered to two plates, which can be easily 
clamped in either pair of gap terminals. Its resistance may 
jDreferably be about one-fifteenth that of the wire AB. D and d 
are the two slider keys of the bridges. 

If a second bridge is not available, two resistance boxes joined 
in series may be used for ad and dh respectively. 

Observations.— (i) Place D at o and c and W in the gaps 
P and Q (Fig. 30) ; now move d so as to get no deflection on Gt 
when both d and 1) are closed. Note these two positions. 

(2) Interchange c and W; then, keeping d fixed and closed* 
move 1) until balance is again obtained on pressing it Not^ 
these new positions. 

(3) Interchange c and \\ back to their first positions ; theri* 




Fig. 30. 
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with D now fixed and closed, move ^/to a new position of balance, 
and again note the positions. 

(4) Repeat (2) and (3) until D gets to the other end, B, of the 
bridge wire. 

Note. — AB and ab will now both have been divided into 
short lengths of equal resistance. 

Tabulate all your results as follows : — 



Remuace of bridge wire, AB, = R= ohms. 


Resistance of bridge wire, ab^^r-s. ohms. 


Reading of 
fandge AB. 


SoccesstTe 
differences. 


p per division 
= ? + ..etc 


Reading of 
bridge ab. 


Successive 
dinerences. 


/> per division 
= ~+a', etc. 



100 


a 
b 

e 

• 


• 









(5) Draw a curve showing the uniformity of AB having 
distances along the bridge wire as abscissae and p as ordinates. 

N.B.— Evidently R = (a + ^ + r -f . . .)p ; and if N = the 
number of steps by which D has travelled from A to B, we see 
that— 

Hence, between on the scale and the first position of D — 

R 

and between the first and second position of D — 

and so on. 

Since the total resistance in circuit with the bridge wire AB is 
constant in magnitude, we see that-^ 

pa=zpd = pc= . . . W-C 

*tere W and C are the resistances of the wire and connector 
'ttpectivdy. 

If any thermo-electric current effects manifest themselves, the 
^^attery should be connected up through a reversing key (p. 329), 
'nd tbe tman of the two positions of balance taken for each key 
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the other remains 



which mcrves to points of balance, while 
stationary. 

Inferences. — State whether you consider the method as it 
stands above possesses any disadvantages, and if so, show clearly 
how they could be minimized. 



40. Calibration of a Metre -bridge Wire 
(Gray's Method). 

Introduction. — The following is a modification of the Foster 
method, and is due to Mr. Thomas Gray. It has the great 
advantage that the contacts of importance are permanent, and 
only those of the battery B and sliding keys, which do not intro- 
duce any errors, are movable. The two bridge wires, AB and ah, 
are joined at their ends by two equal small resistances, r, r, which 
should be equal to about one-fifteenth of the resistance of AB. 
This latter will therefore be divided into about fifteen equal steps, 
the resistance of each of which will equal r. 

Apparatus. — Metre bridge, whose wire, AB, has to be cali- 
brated ; a second metre-bridge wire, ab ; galvanometer, G ; two 

equal low resistances, r, r ; Pohl's 
commutator, P (p. 330) ; batten*, 
B. 

Observations. — (i) Con- 
nect up as in Fig. 31, and adjust 
the galvanometer to zero (about). 
(2) Test whether the resist- 
ances r, r are equal by joining 
the battery across A and B, and 
f'^G- 3» finding any two points, ^and D, 

that C; does not deflect. Now place the batter}' across a and ^,so 
and if r = ;-, no deflection will occur. This condition must be 
obtained. 

(3) \Vith the connections as in Fig. 31, turn P so as to put the 
battery across A and b, place I) at 0^ and move d to such a 
position that when keys D and d are closed, no deflection occurs 
on G. Note the positions of the two keys. 
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(4) Tufn P so as to put the battery across ^7 and B ; then, with 
d fixed, move D to a point of balance, and again note the 

asitions, 

(5) Turn P back again to A and b^ and, with D fixed, move d 
y to a point of balance, and note the positions of i/ and D. 

^ft (6) Rep^t (3)-(5) until D gets to the other tnd, B, of the 

^H Note,— A B and ab will now both have been divided into 
^ nhort lengths of etiual resistance, all tjf which has a resistance 
= n Tabulate, calculatej and plot the results exactly as indicated 
in the Carey-Foster method. 

If any thernio-electric current effects manifest themselves, the 
battery should be connected to the Pohl's coramutator throngh a 
reversing key (p. 329)» and the mean of the two positions of 
ance taken for ttuh hy, whkh fmrrrs to points of balance, while 
mother remains stationar)% 



4t Measurement of Qalvanometer Re- 
sistance (Half -deflection Method). 

jfitroduction. — This method of obtaining the resistance of 

I gah*anoroeter, although inferior to thai of measuring it directly 

^ by a complete Wheatstone bridge (W,B*) set (the best way), can 

I bt used when a second galvanometer is not available for use with 

? \V,B. It is not suitable for low-resistance galvanometers, as 

r battery resistance must be negligibly small compared with that 

W the galvanometer. It has the disadvantage that the relation 

^^tween deflections, and currents producing them, n^ust be known, 

uhtse currents must be comparable. The best result will be 

btained when the first resistance used. r>, the smaller of the two, 

^ some fraction of the galvanouTeter resistance. With a tangent 

?iIvanotneter the tangents of the defections must be usedj and 

ht best result will be obtained when the deflections = 55^ 

Apparatus*— Suitable galvanometer, G ; key, K ; Danieirs 
ttU, B: resistance box, R. 

Otiservations.— (i) Connect up as indicated in Fig, 32 (vide 
iTintc at end), and adjust the galvanometer to zero. 



i 
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(2) Close K, and adjust R to get about a quarter-scale deflec- 
tion </i. Note this value of 
dy and Ri. 

(3) Increase the resist- 
ance to such a value R, 
as will give a deflection 
di = ^di. Note the values 
of Rj and d^. 

N.B. — If a tangent gal- 
vanometer is used, then 
tan ^2 = 2 tan d^. 




Fig. 32, 



(4) Repeat (2) and (3) for about eight pairs of deflections, 
taken over the whole scale, and calculate the galvanometer 
resistance from the formula — 



G = R, - 2R, 



Tabulate as follows : 



(ialvaiiometer 
tented. 


Deflections. 


Currents. 


Resistances. 


G. 


Mean, G. 


./|. 


r/,. 


D,. 


Di. 


Ri- 


R2. 

















Note. — With sensitive mirror galvanometers, it will be found 
best to use only a small fraction of the celFs E.M.F., as indicated 
in Fig. 32, 11. This has the advantage that the battery interpal 
resistance, which corresponds to that of BC, can be made ver>' small 
compared with G, and also R of the same order as G. Another 
method of obtaining only a small E.M.F. is by the thermo- 
electric couple described on p. 339, which may replace the 
Daniell's cell direct in I., thus obviating the use of the arrange- 
ment in II. 

Inferences. — Prove the formula given in (4), and state any 
assumptions made in obtaining it. 



42. Measurement of Galvanometer Re- 
sistance (Equal -deflection Method). 

Introduction. — This method of obtaining the resistance of 
a galvanometer, although inferior to that of measuring it directly 
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bra complete \\'heatstone bridge (W,B.) sel (the best way)» can 
lie used when a second galvanometer is not available for use with 
thcW.B. It \% not suitable for low-resistance galvanometers, as 
the battery resistance must be negligibly small compared with that 
of the galvanometer ; but it has the advantage of being applicable 
to any type of galvanometer, since we have only to reproduce 
t given deflection, irrespective of whether the deflections arc pro- 
portional to the currents producing them. For maximum accuracy 
in the galvanometer resistance obtahied by this method, tlie resist- 
snce of the shunt should be as nearly as possible equal to that of 
the galvanometer. 

Apparatus* ^jalvanoineter, G; resistance box, S, for use 
IS a shunt lo G ; batter}', B, of low internal 
resistance ; keys, K,, K,; high-resistance 
box, R. 

Observations* — (i) Connect up as 
indicated in Fig* ^z^ and adjust the 
galvanometer needle to zero. 

(i) Adjust S to a suitable value, 
dose K| and then K^, adjusting R so 
as bo get about a quarter-scale deflection 
^. Note this (for reference only), and the values of S and R|* 

(j) Open K„ and, with K, closed, increase R so as to repro- 
tluce the deflection d. Note the value of R.,, and calculate the 
gaiiranometer resistance from the formula — 

,R?-Ri 

'r> 




G = S 



(4) Repeat fa) and (3) for about four different values of S 
•ilh about the same deflection, by altering R. 

(5) Repeat {2)-{^) for about half and three-quarter scale 
<lcibctions, and tabulate as follows : — 
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Inferences. — Prove the formula given in (3), and state what 
assumptions are made in obtaining it. 



43. Measurement of Galvanometer Re- 
sistance (Thompson's Method). 

Introduction. — The following method is a convenient one 
for determining the resistance of a galvanometer, when a second 
one is not available for use, with a Wheatstone bridge, which 
would otherwise be the best way to find its resistance. 

The galvanometer is replaced by a key in its usual position, 
and the instrument itself is placed in one of the arms of a \Mieat- 
stone bridge. Then, manifestly, when the arms of the bridge 
satisfy the usual relation between them, the potential of the two 
points between which it is ordinarily connected w^ll not be dis- 
turbed, nor the balance of the bridge, by joining the points through 
a key. ^ 

Apparatus. — P.O. A\'heatstone bridge; cell, B, of fairly 
constant E.M.F. ; galvanometer, G, to be tested. 

Observations. — (i) Connect up as in Fig. 34, where 

diagram [.represents the arrange- 
ment symbolically, and II. the 
actual one in the test. 

(2) Make /*, small and r^ 
large, and close K, after unplug- 
ging something in r^ Permanent 
currents will now flow through 
^* the four arms of the bridge, 

causing G to deflect (probably off* the scale). Now adjust the 
position of the controlling magnet, and turn it so as to bring 
the spot of light or needle back to zero (about), which is the 
most sensitive position. 

(3) Adjust ;-;, so that on making and breaking at K.^, with 
K, still closed and the galvanometer about zero, no motion of 
the galvanometer is observed; then note the values of ri, rj, 
and /*:{. 

(4) Repeat (2) and (3) for different values of ri, r^ if possible. 
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and by adding a known resistance in series with G, which can be 
afterwards subtracted from the result. 

(5) Calculate the galvanometer resistance g from the 
relation — 

p^ = J . Tg ohms 
and tabulate your results as follows : — 



Galvanometer tested, ; No. : temperature of room = *^ C. 



KnoH-n added Re»sunces. I Resistance 

resistance to ' measured, 

galvanoroeter, R. ^^ „ >e = G + R. 



! 

Corrected i *#.«„ r- 

gal.^nometer ««^G 

resistance, G. I »**""* 



Inferences. — Prove the relation given in (5), and state any 
assumptions made in obtaining it. 



44. Measurement of the Resistance of Re- 
flecting Galvanometers 
(Logarithmic-decrement Method). 

Introduction. — ^This method, though of course not as 
accurate as that of measuring the resistance of the galvanometer 
directly by means of a complete \Vheatstone bridge, is an 
excellent one in other respects, enabling a very clear conception 
to be formed as to the way in which the damping in a ballistic 
galvanometer is affected by different conditions of use. AVhen 
there is damping in a galvanometer, the amplitudes of successive 
oscillations of the needle will gradually grow less and less {inde 
p. 134), and the ratio of the amplitude of any one oscillation to 
that of the succeeding one is called the " decrcmentr This ratio 
is the same for any two successive oscillations. The Napierian 
logarithmic decrement X is the logarithm of this ratio to the 
Napierian base c, or — 

X = log. ratio = '°-^-'^'i^ = '°^'" '^'^^ 
login < o'4343 



Table III. 



76 Practical Electrical Testing. 

As an example, suppose, on causing the 
needle of a galvanometer to oscillate to and fro 
past zero, we get the successive deflections each 
side of zero as indicated, 

130 -|- 120 

Then \ = log. ratio = log, ; 

120 + 105 

= log^lfj = log^flf = loge rii4 

^log.o.i-i_i4^^.^^g^ 

0-4343 
If, however, the damping is very small, the 
ratio may be almost i, and therefore difficult to obtain at all 
accurately. In such a case we may proceed thus — 
I^t A = amplitude of any one oscillation, 
and A^ = amplitude of the nth oscillation after it. 

Then the " decrement " = f -— j ""^ 
and hence we have — 

x = ,„„(A).'._l-,^.(A),_^('!^^) 

° V A„y « - I "^ V A„/ // - I ^o-4.U.^^ 



Amplitudes to the 


Right. 


Left. 


'30 
lOS 

85 


120 
97 
74 



Taking the above case, therefore, we get 
6- I V 



1 30 
74" 



o 4343 ' 5 o'4343 



0*2447 

**^' = 0'II2 



Though this is different from the other result, it is probably 
more accurate. 

The present test consists in determining the damping under 
three different conditions, and calculating the galvanometer 
resistance therefrom. 

Apparatus. — Suitable reflecting galvanometer (p. 285) ; box 
of known resistances. 

Observations. — (i) Place the controlling magnet in the posi- 
tion of maximum control, />. as close to the needle as possible, 
and adjust the spot of light to zero on the scale by means of it 

(2) With the galvanometer terminals " free," i,t\ not connected 
to anything externally, deflect the needle by means of the damp- 
mg coil (p. 349), and note the amplitudes of succeeding oscillations 
of the spot of light each side of zero. Call them positive when to 
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the right of xera, and negative when to the ^//, or %h(c versa. 
From them calculate the log dec. A,, which will therefore give a 
ftieasiire of the damping due to the air friction and torsional 
resistance of the suspension* 

(j) Skm-t-draiit the terminals and repeat (2), calculating the 
log dec* A3 from these results. This will give a measure of the 
ibrnping due to the two last-named causes^ and in addition that 
due to the induced currents in the galvanometer coils, 

(4) Connect the terminals through a suitable known resistance 
Rai^d repeat (2}, calculating the log dec* K from the results. 

(5) Repeat (i)-(4) for three widely diiferenl values of R* 

(6) Repeat (i)~(5) with the controlling magnet halfway along, 
a^id also at the extreme end of its guide or supporting-rod- 

(7) Calculate the galvanometer resistance g from the 
ftrbiion— 

g = ^~ ' . R ohms 
A4 — As 

*nd tabulate as follows :— 



TiAlniiOfiieier used. 




? No. 


; tempemtitra of reom ^ 





C 




Tennuials. 


R. 


II 




DEiconiHclcd. 


SbcTt c&cuated. 


Connected by R. 




AnvpiktNle M» 


Aj. 


i^ntplitude 10 


Aj. 


AmpUtudc to 


H^ 


1 




^j. 


Left, 


^^l- 


Uft, 


Riitht, 


Left. 



























inferences, ^Show how the relation given in (7) can be 
obtained, and state any assumptions made in obtaining it. 



45. Measurement of the Internal Resistance 
of a Battery (Fall of Potential Method). 

Jntmductlon,— When any current generator of total E.M.F. 
» and internal resistance B ohms, such as a primary cell, is con- 
cted to a gahanometer, the coil of which has a very high 
sistanc^, ^p compared with B, the current C which it will send, 
r Ohm's law, is C = E« (B -\- g), and this will be therefore ve-- 

f 
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small; consequently the internal polarization, and therefore the 
fall of potential in the cell itself, will practically be ////. The 
galvanometer deflection will, however, form a measure of the E.M.F- 
E of the cell. Suppose, in addition, the cell is now made to send 
a current through a small resistance, R ohms, comparable with its 
own B, and which is placed as a shunt to its terminals. It will 
send a large current and polarize rapidly, producing a large fall 
of potential in itself. The diminished galvanometer deflection 
will now form a measure of the " terminal potential difference " 
V available for sending the current through R. 

Note. — A current generator is said to be on " open circuit " 
when it is sending either no current or a very small one. An 
electrometer could be used to measure E and V. If either a 
mirror or tangent galvanometer is used, then the deflection simply, 
or the tangent of it respectively, will give E and V. 

Apparatus. — High-resistance galvanometer, G (p. 267) ; cells 
to be tested, B ; resistance box, R ; reversing 
key, K, (p. 329), and ordinary key, K,. 

Observations. — (i) Connect up as in- 
dicated in Fig. 35, using a Leclanch^ cell, 
and adjust the pointer of G to zero. 

(2) With K2 open, take deflections each 
side of zero by turning K„ and note the 
mean ^,. 

(3) Close K2, and adjust R (probably 
from 10 to 20 ohms), to give a sufficiently 
reduced deflection. Note the mean tL of 
the two sides as in (2), and the value of R. 

(4) Open K2, and repeat (2) and (3) for 
about six decreasing values of R. 

(5) Repeat (2)-(4) with Daniell and bichromate cells, and 
tabulate as follows : 




Cell used. 



Mean deflection. 
(i\ or K. d'l or V. 



Battery 
resistance, 



Mean, K 
oh Ola. 



Inferences. — Prove the formula given in the table, 
does internal resistance of cells depend ? 



On what 
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46. Internal Resistance of a Battery 
(Half-deflection Method). 

Introduction. — The method is practically only available for 
testing the internal resistance of batteries having a fairly constant 
E.M.F. and considerable internal resistance, and it is merely a 
special application of Ohm*s law. It is best to use a low- 
resistance galvanometer, which is very sensitive, and to shunt it 
so as to still further reduce the effective resistance between its 
terminals and also its sensitiveness. 

Apparatus. — Sensitive low-resistance galvanometer, G ; 
adjustable known resistance, R ; key, K ; and cells, B, to be tested. 
An adjustable known low resistance, 5, to 
shunt G with if necessary. 

Observations. — (i) Connect up as 
^ F^g- 36, and adjust the galvanometer 
needle to zero. 

(2) Adjust R so that on pressing K 
a convenient steady deflection, ^1, is ob- 
tained up to the end of the scale. Note the values of Rj, ^„ 
and 5 (if used). 

(3) Increase R to such a value, R^, that the new deflection 

(4) Repeat (2) and (3) for different pairs of deflections extend- 
ing all down the scale. 

(5) Repeat (2)-(4) for two other cells. 

(6) Calculate the internal resistance of each cell from the 
relation— 

B=R,— 2Ri — G when the galvanometer is unshunted, 

op 

B= R, — 2R, — - — -; „ „ is shunted by shunt 5 

»3 + G 

and tabulate your results as follows : — 




Fig. 36. 







; resistance, G, = 


: ohms. 


Cell tested. 


Resist 
R,. 


ances. 
R2. 


Shunt (if 
any), S. 


B. 


Mean, H 
ohms. 
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Inferences. — Prove the relation given in (6), and state any 
assumptions made in obtaining it. 



47. Internal Resistance of a Battery 
(Equal -deflection Shunt Method). 

Introduction. — The following, which is also known a^ 
Thomson's method of measuring the internal resistance of current 
generators, entails the use of a shunt either across the battery 
or galvanometer terminals, and is subject to the defects of current: 
methods in general. 

Apparatus. — Sensitive fairly low-resistance galvanometer, 
G ; adjustable resistance, R, and shimt, S ; spring tapping-keys, 
Ki and Kg ; cells, B, to be tested. 

Case I. — Shunt used on Battciy, 

Observations. — (i) Connect up as in Fig. 37, and adjusT 
the galvanometer G to zero (about). 

(2) Adjust S and R to some convenient values, so that orm 
pressing Ki and Kj a suitable deflection, 
d^ is obtained on G. Note the values of 
S and R. 

(3) Open Kg, and increase R to R„ 
so as to again obtain the same deflection, 
d, with only Kj closed, and note the value 
ofRp 

(4) Repeat (2) and (3) for about ten 
different deflections throughout, the scale 

differing by about equal amounts by altering the value of S. 

(5) Repeat (2)-(4) with two other different types of cells. 

(6) Calculate the internal resistance of the battery from the 
relation — 

B = S * ohms 

R + G 

and tabulate as shown. 

Case II. — Shunt used on Galvanometer, 

Observations. — (i) Connect up, placing S and Ko across G 
instead of across B, as in Fig. 37, and adjust the galvanometer 

to zero (about). 
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(2) Adjust R and S to suitable values, so that on pressing 
K, and K, a convenient deflection, d, is obtained on G, and note 
tk values of S and R. 

(3) Open Kg, and increase R to R,» so as to obtain the same 
deflfidion, d^ again with only Ki closed, and note the value of R,. 

(4) Repeat (2) and {3) for about ten values of ^, differing by 
about eciual amounts throughout the scale by ahering S. 

(5) Repeat (2)- (4) with two other different types of cells, 

(6) Calculate the internal resistance of the batter)- from the 
relation-- 

B = S^^^ r— ^ ~ R ohms 



G 



and tabulate as follows :— 



Galvanofoerer usedf 



; retbtance, G^ s obms. 



Ciflii»d. 


Reusunc«s. 


Shunt, S. 


For 
reference* 


H. 


MtAn, B. 




R. 


K.. 



















Inferences.- — Prove the formuLne given in (6), Cases L and IL, 
and state any assumptions made in obtaining them. State the 
nierits and dements of the two cases. 



^ 



I, Measurement of the Internal Resistance 
of a Battery (Beetz's Method). 

Introduction.— The following method has the advantage of 
not merely being a ** zero " one, but of enabling the battery to be 
tested to be placed in circuit for an instant, thereby reducing to a 
minimum the tendency for the cell to polarize and cause irregular 
ise^ults. 

Apparatus.*- Sensitive low-resistance galvanometer^ G ; bat- 
ttty» B, to be tested ; spring tapping-keys, K,, K., ; two adjustable 
resistances, r^^ r^ or, in lieu of these, a low-resistance 
Ltiometer, ABC; cell, ^^ of fairly constant E.M.F., which is 

than that of B. 

G 
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Observations. — (i) Connect up as in Fig. 38, and adjust the 
galvanometer G to zero (about). 

(2) Adjust r, and r^ to some convenient values with, say, 
r, = about fri, depending on the ratio 
of the E.M.F.'s of b and B. Now 
close Ki, and the ftext instant tap K* for 
a moment. If G deflects, release both 
keys, and readjust r, and r^ so that no 
deflection occurs on G, and note the 
values of r„ r^ 

(3) Repeat (2) for about eight 
different values of r„ rg. 

(4) Repeat (2) and (3) for two other cells inserted singly in 
place of B. 

(5) Calculate the internal resistance of each cell from the 
relation — 




B = 



r;(r.:^r^^r,irl_±r;) ^^ 



where r^r^ and k^kI represent the values of AB and BC respec- 
tively in any two sets of balances obtained in (3) above. 
Tabulate as follows : — 



Cell tested. 



B. 



Mean, B. 



Inferences. — Prove the relation given in (5), and state any 

assumptions made in obtaining it. 



49. Measurement of the Internal Resistance 
of a Battery (Mance's Method). 

Introduction. — The method consists in measuring a resistance 
containing an E.M.F. by means of the Wheatstone bridge. 
Though a somewhat troublesome one to manipulate, it is 
nevertheless used to some extent in determining the resistance of 
cells, etc. It has the disadvantage that the effective E.M.F. of the 
cell varies, due to the alteration of current given by it when the 
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ley IS pressed. In one sense it has the advantage of being a zero 

mt;thod. An inconvenience inherent in the method arises from 

tk spot of light in a sensitiv^e reBecting galvanometer travelling 

about the scale as the galvanometer key is pressed or the arms 

of ihe bridge adjusted^ and which arises from a redistribution of 

cmrent in the arms and galvanometer branch. This frequently 

I necessitates continually moving the controlling magnet in order 

to keep the spot of light about the middle of the scale^ its most 

I lemitiFe position* D'UmfreviUe has suggested replacing the 

^Innometer by the primary of two telescopic coilsj and joining 

Nhc galvanometer instead up in series with the secondary of the 

roils, thus causing it to indicate sudden changes in current, but 

making it unaffected by the actual magnitude of the current in 

the primary. Thus the spot ahvays returns of its own accord to 

LiJcrOt^nd for the best results the secondary should have a resisi- 

[ince equal 10 that of the galvanometer. The present method 

[cwnoibe applied to E.NLF.'s which polarise rapidly, but only to 

those which are fairly constant, owing to the impossibility of 

balancing quickly enough. 

Apparatus* — Sensitive reflecting galvanometer, G; and either 

EO. Wheatstone bridge box or three adjustable resistance 

oxa, Tj, r., r^\ and a spring tapping-key, K. 

Observations. — (i) Connect up as in Fig, 39»the right-hand 

am being the P*0. box arrangement, and the left-hand that 

symbolical Wheat - 

bridge, T^ith the 

resistance boxes f\-, 

\ aiid r, forming three of 

tlie imis. Both diagrams 

are Irttrrcd similarly. Ad- 

the galvanometer to 

^ lahoul). 

(i) Make r, small and r, large, and close K,, adjusting the 
ailing magnet by placing it closer to the galvanometer needle, 
ritiming it so as to bring the spot of light back to zero (about), 
(j) Adjust Tx so that on making and breaking with K (K^ still 
ang closed) no deflection of the spot of light is observed. Note 
* inlurs of Tj, f-„, and f\^ 
XuTE, — The control may have to be adjusted each time r, is 




Fig. 39. 



a 
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altered, so as to keep G at about zero, its most sensitive position. 
If on making and breaking at K, first a kick on one side of zero 
and then a creeping off to the other is observed, the former 
denotes " want of balance," the latter polarization of the E.M.F., 
due no doubt to the reduction of the resistance external to the 
E.M.F. on closing K. If the internal resistance is low, it will be 
best to " bank " it up by inserting a known resistance of 3 or 4 
ohms in series with it, and then subtracting this from the final 
result. This will also have the good effect of tending to stop 
or reduce polarization. 

(4) Repeat (2) and (3) with a different value for r,, r-, if 
possible. 

(5) Repeat (2)-(4) with three or four different cells, and 
calculate the internal resistance from the relation — 



^ = \ , i\ ohms 
r* 



and tabulate as follows : — 



Galvanometer used, 


: resistances = ohms. 


Name of 


Resistamces. 


Resistances Internal 
added resistance. 


cell. 


n. '•2. 


''s. 


(if any). b ohms. 










1 



Inferences. — Prove the relation given in (5), and state any 
assumptions made in obtaining it. 



50. Measurement of the Internal Resistance 
of a Thermo-electric Generator. 

Introduction. — The electric generator to be tested is that 
designed by Mr. H. B. Cox for producing a difference of electric 
potential from difference of temperature maintained between 
certain parts of the generator. For fixed external conditions it 
furnishes a constant supply of electrical energy, and it has the 
advantage of having 110 movin!^ parts. The maximum output 
of the generator under test is about 3^ amps, at 4*8 volts 
approximately. 
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Apparatus. — The generator, G (p. 341) ; ammeter, a ; high- 
sistance voltmeter, v ; carbon rheostat, R (p. 307) ; switch, S ; 
jy, K ; voltmeter resistance, r. 

Observations. — (i) Very slowly turn on the water until a 
entle stream flows out at the waste pipe. 

(2) Light the gas, and strictly adhere to the printed directiotis 
ir starting^ etc. 

(3) Next couple up the above-mentioned apparatus as shown 
n Fig. 40, adjust the pointers of v and 
f to zero, and r to such a value that v 
nil read about five volts for a full- 
icale deflection approximately. 

(4) Allow the gas to burn for about 
12 minutes before starting the test, and 
increase R by unscrewing the carbon 
plates until they are quite loose. 

(5) Close K, and note the reading 
El of the voltmeter, which is therefore 
the E.M.F. of G on " open circuit." 

(6) Next close S in addition to K, 
^ adjust R so that a reads about 
0*3 amp. Note its exact value A, and that of the voltmeter V„ 
amultaneously ; then open S. 

(7) Repeat (5) and (6) for about ten equal increments of 
corrent up to the maximum, rising by about 0*3 at a time. 

Tabulate as follows : — 




^^^^wAA-*[^ — @r 



•s 

Fig. 40. 



r= ohms ; voltmeter resistance, v. = ohms ; = 

V 


^ |e.M.F. of generator. 
El- ■ -, r + r_. 
1 E=- — E, 


V,. 


P.D. at generator, 

v = ''+i'v, 

V 


Current, A 
amps. 


Internal resistance. 
B = ohms. 













Inferences. — Explain how the formula for the internal resist- 
ance is arrived at. 
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51. Internal Resistance of a Battery 
(Condenser Method). 

Introduction. — This method will be found convenient when 
the battery under test is liable to polarize rapidly. It has not, 
however, the advantages of a null method. There are two or three 
important points to note with regard to it. For accurate work 
the damping of the galvanometer should be small, and as it must 
be of the ballistic type, the discharge should be completed before 
the needle begins to move. In other words, the duration of the 
current must be very small compared with the period of vibration 
of the needle. Owing, however, to residual absorption^ there is 
some uncertainty as to the time taken to discharge the condenser, 
and hence also as to whether this time is comparable with the 
period of the needle or not. Again, the polarization due to the 
flow of current into the condenser in charging may be sensible if 
the latter has a large capacity. It is therefore important to 
employ a condenser of as small a capacity as can be used to 
give a satisfactory deflection with the most delicate galvanometer 
available. 

Apparatus. — Batter}^ B, to be tested ; condenser, C (p. 354) ; 
charge and discharge key, K (p. 328) ; box of known resistance 
coils, S ; ballistic mirror galvanometer, G (p. 285). 

Observations.— (i) Connect up as shown in Fig. 41, and 
adjust the galvanometer needle to zero. Completely discharge 

the condenser by short-circuiting it. 

(2) Cut out S by taking out the 
infinity plug and thus breaking cir- 
cuit ; then, with the battery thus 
unshunted, note the first throw, d^, 
of the spot of light on charging or 
discharging C, and completely dis- 
charge C. 

(3) Insert the infinity plug and 
also a convenient resistance S ohms in the box. Note the throw 
4 on charging or discharging, and release K immediately. Com- 
pletely discharge C. 
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(4) Repeat (2) and (3) for about six different values of S for 
each of the three cells tested, and calculate the internal resistance, 
B, of the cells from the formula — 

B = S-^-^ " ohms 

(5) Repeat (2)-(4) with a larger capacity, and tabulate as 
follows : — 



*'Sf/*' i "^^"^ Throw, ^,. 



Throw, d^. Shunt, S, 



B ohms. Mean, B. 



Note. — The apparatus is connected up in such a way that the 
condenser and shunt are simultaneously disconnected from the 
battery, for with cells that polarize rapidly it is very important to 
shunt the battery only at tlte motncnt of charging the condefiser. 
The best result will be obtained when S is not less than B or 
greater than 2B. 

Inferences. — Prove the formula given in (4), and state what 
assumptions are made in deducing it. 



52. Internal Resistance of a Battery 
(Electrometer Method). 

Introduction. — This method is one of the best for determining 
the mtemal resistance of a current generator. Like the condenser 
method, the fall of potential in the battery is made to occur for a 
very short time, and thus errors due to polarization are reduced 
practically as low as they can be. In what follows it will be 
assumed that the operator is familiar with the construction and 
principle of the electrometer, almost any sensitive type of which 
will be suitable to use for the purpose {inde pp. 289-306). 

The adjustments in general for any type will be obvious from 
a reference to those on p. 300 for the Thomson quadrant electro- 
meter. 

Apparatus. — Quadrant electrometer with its reversing key, 
K (p. 298), or, in lieu of this type, that described on p. 328 ; cells, 
B, to be tested ; known resistance, R ; electro phorus or Leyden jar 
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and W^imshurst machine for charging the needle of the electro- 
lueler. 

Observations.— (i) Connect up either as in Fig. 42 or Fig. 
50 (p. 100), In the latter case P can be dispensed with, and the 
p cell connected direct to ter- 

minals c and d^ with the 
resistance R across a and h, 
(2) With R = 00 , and 
the electrometer needle 
charged with a definite inJ^- 
^df/?// potential, press Ki,and 
note the steady deflection 
//,. Then release Ki and 
press K2, noting the steady 
deflection d^ on the opposite side of zero. These should be 
equal ; if not, take the mean, calling it d^. 

N.B. — The potential of the needle must be kept constant 

(3) Insert a suitable resistance in R, and repeat (2), noting the 
value of R and the mean deflection d^ on the electrometer. 

(4) Repeat (2) and (3) for about eight different values of R. 

(5) Repeat (2)-(4) for two other batteries. 

(6) Calculate the internal resistance of each cell from the 
relation — 

B = R^-^' ohms 




Fig. 42. 



d^ 



and tabulate as follows : — 



Cell tested. 



Mean deflections. 



Unshunted, 



Shunted, 



Shunt, R. 



Mean, B 
ohms. 



Inferences. -Prove the relation given in (6), and state any 
assumptions made in obtaining it. 
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53. Polarization of Cells 
(Experi mental Investigation). 

Ifitroduction.^When a current generator, in the form of 

a primary cell or battery, is allowed to send a current, a pheno- 

meBa known as ^^ piflurhatioH *' sets in ; and if the resistance of the 

circuit through which the current flows remains constant, the 

ourent itself gradually falls in value, which fall is more rapid as 

the circuit resistance diminishes, or, in other words, as the current 

taken out of the cell increases. The effect is due to the decom* 

poMtion {necessarily entailed) of the materials of the cell and the 

presence of free gases at the surface of the plates, thus setting up 

an influence of the nature of a recoil, or back E,M.F< as it is 

commonly termed. Some cells are particularly subject to this 

effect of polarization, and the object of this jiresent investigation 

is m see the relative magnitudes of this effect in different types 

. Df cells. 

Apparatus. — Low- resistance aperiodic galvanometer, G, or 
[1 tangent galvanometer will serve the purpose nearly as well ; cells 
1 to be experimented upon ; key, K. 

Observations* — (t) Connect the above apparatus in simple 
' ieri€s, using one of the cells, say the Daniell first, and adjust the 
plvaQOiueter to zero. 

(3) At a noted instant of time close K, and at once take the 
reading on G, which must be noted together with the time, 

(5) Repeat {1) with K still closed, noting the deflection as it 
^b, at intervals of about one or two minutes, for about half an 

t4j Repeat (2) and (3) with a Leclanch^ and bichromate cell 
i of the Daniell, and tabulate your results in a convenient 

S\B, — The cells should all be good ones, and newly set up, in 
order to obtain a fair comparison* The intervals of time should 
te selected according to the conditions of the test and tlie cells in 
Bit, frequent readings being taken where the current varies rapidly, 
and so on. If a tangent galvanometer is used, the tangents of the 
ddections must be used. 



ilk 
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(5) Plot curves for each cell on the same sheet of curve paper, 
having values of deflections as ordinates and time in minutes it 
abscissae. 

Inferences. — State clearly all the inferences which can be 
deduced from the results of your test. 



54. Comparison of Electromotive Forces 
(Equal -resistance Method). 

Introduction. — By means of this simple substitution method 
as it is sometimes called, E.M.F.'s maybe compared by observing 
the relative currents they will send through a circuit of fixed resist- 
ance, which is very large compared with their own internal resist- 
ance. If the galvanometer used to indicate the currents is too 
sensitive, it may be shunted by any convenient resistance, provid- 
ing the rest of the circuit has a high resistance compared with that 
of the cells. It is, however, preferable to make the resistance of 
the rest of the circuit high instead of using a shunt. 

Apparatus. — Galvanometer, G ; cells to be compared, E, and 
E^ ; either a two- or three-way key, K ; 
resistance box, R ; resistance, S, to be 
used as a shunt to G if required. 

Observations. — (i) Connect up as 
indicated in Fig. 43, and adjust the 
galvanometer needle to zero. 

(2) K being open, adjust R to a 
suitable high value ; //^' hig/ur it is the 
more accurate will be t/ic result. 

ZO ^ I — (3) Switch on to the cell of highest 

^2 E.M.F. E„ and adjust R, and if neces- 

Fic. 43. ^ry S, so as to obtain about a quarter- 

scale deflection, </„ on Ci. Note this, and, for reference only, the 
values of R and S (if any). 

(4) ^Vith R and S as before, switch on to the next cell of 
E.M.F. F.s and note the deflection </-. 

(5 ) Rc|H.^ai ( 2 )-(4) for a half, three quarter, and full-scale deflec- 
tion approximately. 
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(6) Compare the Daniell, Leclanche, and bichromate or other 
cells in this way, obtaining the results of (2)-(5), with each of 
the three possible combinations of the three cells taken, say 
two at a time. 

(7) Compare the E.M.F/s, and calculate one of them by 
assuming the other as a standard known E.M.F., from the 
relation — 

E, : E, = ./, : d. 

Note. — If a tangent galvanometer is used, tan d{^ and tan d.^^ 
must be used in the above relation instead of </, and d^ re-' 
spectively, etc., and these latter should have equal values on either 
side of 45° for maximum accuracy. 

Tabulate as follows ; — 



Gahranometer used, ; resistance = ohms ; known K.M.F., say Kj, = volts. 



Names of cells of I n.fl»i.t:«n* mj> 

E.M F.'s iienections. | Yor 

reference 



Ej. <fi . 



^^ ! only, R. 



K2 d'l 



Unknown 
E.M.F., 
Ex volts. 



Inferences. — Prove the relation given in (7), and state any 
assumptions made in obtaining it. Is the method open to an}' 
particular objections ? 



55. Comparison of Electromotive Forces 
(Equal -deflection Method). 

Introduction. — By means of the following simple substitution 
method, E.M. F.'s may be compared by the resistances through 
which they will send equal currents, and such resistances must be 
very large compared with the galvanometer and battery resist- 
ances together. If the galvanometer is too sensitive, it may be 
shunted, as this will still further tend to diminish the effective 
resistance between its termiiials. 

Apparatus. — Identically the same as in the last experiment. 

Observations. — (i) Connect up as in Fig. 44, and adjust the 
galvanometer to zero. 
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(2) K being open, adjust R to a suitable high value ; the fugker 
it is the mare accurate will be the result. 

(3) Switch on to the cell of highest E.M.F. Ei, and adjust R, 
and if necessary S, so as to obtain about 
a quarter-scale deflection don G. Note 
the value of R, and of d and S (if any), 
for reference only. 

(4) With S unaltered, switch on to 
the next cell of E.M.F. Ej, and alter R 
so as to reproduce the deflection i 
again. Note the value of resistance R, 
to do this. 

(5) Repeat (2)-(4) for a half, 
three-quarter, and full-scale deflection 

Fig. 44. approximately. 

(6) Compare the Daniell, Leclanch^, and bichromate 01 
other cells in this way, obtaining the results of (2)-(5), with 
each of the three possible combinations of the three cells taken, 
say two at a time. 

(7) Compare the E.M.F.^s, and calculate one of them by 
assuming the other known from the relation — 

E] \ Ko ^ Ri \ Rj 
and tabulate as follows : — 




(Galvanometer used, 


; resistance = ohms ; known E.M.F., say Ei 


= volts. 


Names of cells of 
E.M.F.'s. 


Resistancesi. 
K,. 1 R.2. 


For 
reference 
only, d. 


E, _ Ri 
E2 Ra 


Unknown 
E.M.F., 


K,. 


E.2. 


E2 volt:.. 















Inferences. — Prove the relation given in (7), and state an) 
assumptions made in obtaining it. Is the method open to an) 
particular objections ? If so, state them. 



56. Comparison of Electromotive Forces 
(Wiedemann's Method). 

Introduction. — This is sometimes called the "sum anc 
difference" method, and consists in determining the relative 
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^a full. 



Slre^gths of currents sent through a fixed resistance^ first, when 
ibe EJf,F/s are in series assisting each other; and secondly, in 
series opposing one another. 

Apparatus. — Sensitive fairly low-resistance galvanometer, G j 
l%h adjustable resistance, R; reversing key, K {p. 329); the two 
£.Mi\'s, E| and E., to be compared. 

Observations,— (i) Connect up as in Fig. 45, and adjust 
Ik galvanometer to Jiero. 

(2) With R at its highest, turn K so as to join the smaller 
E.M.F. E3 in series with and assisting E, \ 
reduce R to such a value as will give 
a lun-scale deflection (i\ on Cx, Note this 

I deflection d^ and the value of R {for 
Inference only). 
I (3) With R as before, turn K through 
lp;soas to place the smaller E.M.F. E, 
■ series with but opposing E„ and note 
be deflection d>^. 
\ (4J Repeat (2) and (3) for three widely 
different and small deflections d^ by 
suit:ibly increasing R, but d^ must not be 
fitduted to such an extent that d.^ is loo small to read accurately, 
I {5) Repeat (2)^(4) with the Danieil, Leclanchtf, and bichromate 

^^ other cells, taken two at a time for the three possible com- 
^■uMtians of the three cells* 

^M (6) Compare the E,M.F»*s, and calculate one of them by 
^iisuiiiing ihe other known from the relation — 
L E* ^ dj^d, 

^p Kj d^ — d.. 

^^ Note,— If a " tangent" or " sine " galvanometer is used, the 
tmgent or sines of the deflections respectively must be used 
ead of simply d^^ and d.^. 
Tabulate as follows :^ 




Fig, 45. 





r reB«aiic« = ohm* ; knawii E.M. P.» lay Ei 


,s nllti. 


1 Nan««oreeUior 


D«f1cetiQiU, 


reference ^^ ^ -^ — "-^t 


Unknown 
E M F 


ti. 


E^. 


*t*'' 


0^. 


ErVQJts- 


U 
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Inferences. — Prove the relation given in (6), and state any 
assumptions made in obtaining it. State the advantages an^ 
disadvantages of the method. 



57. Comparison of Electromotive Forces 
(Wlieatstone's Metliod). 

Introduction. — This method consists in determining the re- 
sistances through which the cells will give the same pair of 
deflections. It is a simple and convenient one. 

Apparatus. — Sensitive galvanometer, G; two-way key, K; 
an adjustable high resistance, R ; the two E.M.F.'s, E, and E^, to 
be compared. 

Observations. — (i) Connect up as in Fig. 46, and adjust 
the galvanometer to zero (about). 

(2) Adjust the resistance to such a value R© that a full-scale 
deflection </„ is obtained on closing Ki. 
Note the values of R,, and d^. 

(3) Increase this resistance, say to double 
the amount, namely, R, and note the 
diminished deflection //and the value of R. 

(4) Now close K2, adjusting the resist- 
ance to a value /„, so as to reproduce the 
original deflection </„. 

(5) Increase this resistance to an amount 
/-, so as to again reproduce the other 
deflection d. 

(6) Repeat (2)-(5) for three widely different pairs of deflections 
by suitably adjusting the resistance. 

(7) Repeat (2)-(6) for the Daniell, Leclanch^, and bichromate 
or other cells, obtaining results with ea( h of the three possible 
combinations of the three cells taken two at a time. 

(8) Compare the K.M.F.'s, and calculate one of them, assuming 
the other known from the relation 

K, ^ R - R.. 
K.. r — /•„ 
and tabulate as follows : — 




Fk;. 46. 
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CttvUMflMtf it^Kd, 


s 


reustAiicc - objni ; k nown £, M. F- , uy £ i , == 


votu. 




Peaecdooi. 


Retlimoccs. 






% 


ES. 


^. 


rf. 


R, 


Ro- 


^. 




Ejj valti. 
















1 





inferences. — Prove the relation given in (8), and state any 
''iKumprions made m obtaining it. ^Vhat advantages or dis- 
advantages does the method possess? 



58. Comparison of Electromotive Forces 
(Lumsden's Method), 

Introduction*— The method is variously known as T.umsden^s, 
Lacoine^s, or Bosscha*s, but the first name is applied here, as 

\ is generally known by that in this country. 
The method is a simple, convenient, and accumte one, and 

a the great advantage of being a *' zero *' method, i>. one in 

lich no deflection has to be noted. It is not, howevetj a ** null " 

hod in the sense of the word in which the author prefers to 

th^ term, in that the cdis tftt smding a cur rent continuously 

I at the moment of balance, and hence there is the possibility 

errors due to polari/ation unless the circuit resistance is liigh* 

he lalvanometer and other resistances should be high, so as to 
make the iniemal resistance of the cells 



E| 



<iX<^ 



"TE 



■ib!e coni])ared with them, and the J^ 
^^ . :,'iition effect practically niL 
^k Apparatus* — ^Sensitive high * resist- 
^nrc galvanometer, G .; cells of E.M.FJs, 
^^1 and E., to be rom pared \ two spring 
tapping-keys, Ki, K.^ and two high-resist- 
ance boxes, r and R ; a single P.O. box 
_an be made to do instead, if necessary. 
Ol>servatlons-— (i) Connect up as 



R, 

Fig. 47- 

icaitd in Fig. 47, the two cells being in series with the two 
listances r and R, and he/piftg mt anotka\ 
U) Adjust R to some suitable hig-h value, and vary r so that 
lini^ K, first, and then K.., no deflection occurs on G. 




i 
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(3) Repeat (2) for about six or eight different values of rand 
R, and compare the E.M.F.'s, calculating one by assuming the 
other known from the relation — 

El : Ea = R : r 

(4) Repeat (2) and (3) for each pair or combination formed 
from the Daniell, Leclanchd, and bichromate or other cells, and 
see whether the product of any two of the mean ratios equals the 
third ratio. Tabulate your results as follows : — 



Galvanometer used, 


; resistance 


= ohms: 


known E.M.F.. say Ei, = wits. 


Names of ceUsof E.M.F.'s. 


Resistances. 


El R 
Ej-r 


Unknown E.M.K. 
Eo volts. 


El. 1 E2. 


R. 


r. 


1 











Inferences. — Prove the relation given in (3), and state any 
assumptions made in deducing it. 



59. Comparison of Electromotive Forces 
(Clark- Poggendorff Method). 

Introduction. — The principle of this method was originally 
due to Poggendorff, who balanced the E.M.F.'s directly against 
one another by altering resistances. The present modification is 
due to Latimer Clark, who introduced a separate " rvorking" 
battery against known fractions, of which the E.M.F.'s to be 
compared are balanced. This arrangement has been used by 
Lord Rayleigh for comparing the E.M.F.'s of standard cells. The 
method is a valuable one, and possesses the great advantage over 
almost all others in being, not only a " zero',' but also a " //////" 
method, ix, while the E.M.F.'s are being compared neither can 
possibly polarize, as no current passes through them. This is indi- 
cated by a sensitive reflecting galvanometer, G, in series with 
them; hence the terminal P.D. of the cell will be its E.M.F. If 
two resistance boxes, AB and BC, are joined in series, and a 
constant P.D-, E (greater than either of the E.M.F.'s E, and 
E2 to be compared), maintained at the extremities A and C of 
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J combination by an independent battery, then ABC is merely 

a high-resiitance poteniiometer wire, and there will be a uniform 

of potential from A to C. Hence it must be possible to find 

I \mx B betiveen A and C such that the P.O. between A and 

fl^E, or ^. Then» on pressing one side or other of the two- 

tav key K» there will be no deflection on G, and if the total 

Tesisiance r^ + r^ is kept constant, r, will be proportional to Ei. 

The method is quite independent of the internal resistance of 

cells, and its sensitiveness is far greater than could be 

Itained with any electrometer or other method, 

ApparatUnd. — High-resistance sensitive galvanometer, G ; two- 

~iav- spring tapping-key, K ; working battery of two or more cells, 

E; adjustable high resistances, r, and t\.\ E,M.F/s, E^ and E,» 

to be compared. 

Observations.^ — (:) Connect up as indicated in Fig. 4S, 



E 






1^ 






1 



Repeat this for E^, calling 



^joining all itk^ jKjles (positive)^ say 
k^ and adjust the sijot of light to 
' ibout zero, 

la) Always maintain r^-\- r.^ a 
I constant and = 10,000 ohms, say ; 
Iben suitably adjust each so that on 
switching K to Ej no deflection 
flccum Note the values of n and /-.. 
ilk new value of r,» r/. 

N,B* — To see whether the working E,M.F. has altered, repeat 
^th the first cell again» If it has a new value of n will be 
biaJDcd, but the mean of this and Ihe first value must be used. 

(3) Repeat (2) for some six different values of r^ + 1 j, and 
npare the E,M.F/s from the relation — 

E, : E, = rj : n' 

(4) Repeat (2) and (j)p using the Daniell, Leclanche, and 
bidiroinate or other cells in |>airs for E, and E^, and tabulate as 
bltows ,^ 





resistance = ohcri^ : known £.M,F,f » 


y Et» = voUs. 


kM>«rayicQrB.M.F.'&. 


Hcsistancts^ 




Uiiki»wFiE,M.F,, 


r I. 


E,. 


'1^ V I'^t+'^i. 








1 







-98 



Practical Electrical Testing. 



Note. — If AB and BC are two similar but separate resistance 
boxes, care should be taken not to mix the plugs, but to place 
them in the lids of their respective boxes. 

Inferences, — Prove the relation given in (3), and state any 
assumptions made in obtaining it. 



60. Comparison of Electromotive Forces 
(Condenser or Ballistic Metliod). 

Introduction, — The ordinary gal vanometric methods of com- 
paring E.M.F.'s cannot be employed to obtain accurate results 
when the cells to be compared polarize at all rapidly. In such 
cases some null method, such as Clark's, is preferable. The 
following one (sometimes known as I^w's method) can be con- 
veniently employed when a condenser and ballistic galvanometer 
are available. The condenser should have as small a capacity as 
possible, but one that will give a satisfactory deflection with the 
most sensitive arrangement of the galvanometer available. This 
arises from the fact that if the capacity was larger, the larger 
current necessary to fully charge the condenser might result in an 
appreciable polarization. If one E.M.F., say Ei, is much larger 
than the other, it may be necessary to shunt tlie galvanometer G 
with a shunt S when this larger E.M.F. 
is being used {I'ide p. 113), so as to keep 
the respective throws much about the 
same in magnitude. 

Apparatus. — Ballistic galvanometer, 
G (p. 285); condenser, C; PohUs com- 
mutator, P (p. 330) ; batteries of E.M.F.'s, 
El and E^, to be compared ; key, K. 

Observations. — (i) Connect up as 
indicated in Fig. 49, and adjust spot of 
light to zero. 

(2) With K open, free the condenser 
from any residual charge by short circuiting its terminals; then 
turn P over to the weakest E.M.F., Ei, for a few seconds. 

(3) Turn P so as to open the battery circuit, and quickly press K, 




Fig. 49. 
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ftbe spot of light being absolutely at rest. Note the first throw 
*/|Ofthe spot, 

(4) Repeat {i) and (3) two or three times, and take the mean. 

(5) With K i*pen^ fret* C from any lesidual charge, and turn 
^ovcr to the other E M.F., £,» and repeat (3) and (4), noting the 

I first throw d^^ 

(6) Repeat (2)-(5) for about six different throws by altering C 
if possible, and compare the E,M.F/s, calculating one of them 
bf assuming ihe other known from the relation Ei : Ej = ^^ : d^ 

fer no shunt, or £,:£;(= \Si—^d^ : d.^ when a shunt is used as 

ibove, 

(7) Repeat (3)-(6), using DanielVs, Leclanch^,and bichromate 
w other celJs in pairSj giving three possible combinations, and 

buiate as follows \Cauiian. — Nojcr charge C wM Is. depressed] \ — 



: r&^ance^ G, = olinis: known E.M^F,, say £]i — 



voltj- 



KMdafallsof lUM.F.'s. 


bleaa litiX tbrowi. 


Shunt, if 


h 


Unkndvn E.M.F., 
Em volts. 


t* 


Ei. 


di^ 


df 


! 















inferences- — Prove the relation given in (6), and state what 
•ssmuptions are made in obtaining it, State why the weakest 
-E.M.F. should be used first. 



6L Comparison of Electromotive Forces 
(Electrometer Method)* 

lntroductictti*~l'his method necessitates the use of some 
km of elect rometefj and with it the expenditure of much more 
lime and care than in any of the preceding methods. Though a 
(Reflection methodj tt possesses the great advantage that //&" ettrrtni 
is taken from the cells during the test, and consequently there can 
!)*: no polarization whatever. In this particular instance^ though 
jlmcist any sensitive form of electrometer wiJl do, we will assume 
use of the Kelvin quadrant form (for a description of which 
i^o)» and that it is charged ready for use in the manner 
00 p^ joo. 
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Apparatus, — Kelvin quadrant electrometer, E, with its revers- 
ing key, K ; high-insulation PohFs commutator, P (p. 330) ; E.M.F.'5« 
El and E., to be compared ; either an electrophorus or Leyden )2X 
and Wimshurst machine for charging the needle n of E. 

Observations. — (i) Connect up as in Fig. 50, where qq are 
the terminals of the two pairs of quadrants ; n that of the needle i 

I the induction-plate 
electrode ; e^ a ter- 
minal on the case of E, 
and therefore to earth ; 
r the " replenisher/* 

(2) With the levers 
of K at O, obtain the 
final exact adjustment 
of the hair midway be- 
tween the two dots by turning the replenisher r. 
(3) Now quickly press e' to i, P being over 
to El, and note the steady deflection d^ on the 
electrometer. Now lift ^ to 2, and note the 
deflection on the opposite side of zero. These should be equal ; 
if not, take the mean and call it ^1, and leave e at the O position. 
N.B. — The hair must be maintained midway between the dots. 

(4) Repeat (2) and (3) for P over to Ej, obtaining a mean 
deflection d.^, 

(5) Repeat (2)-(4) about four times with each pair of cells 
compared. 

(6) Repeat (2)-(5) with the Daniell, bichromate, and Le- 
clanche or other cells taken in pairs, giving the three possible 
combinations, with three cells taken two at a time. 

(7) Compare the E.M.F.'s, and calculate one of them, 
assuming the other known, from the relation — 

E, : Eo = d^ \ d^ 

and tabulate as follows : — 




A 



KIcctronieter u^cd, 



known E.M.F., say Ei, = volts. 



Names of cells of E.M.F.'s. 



E2. 



Deflections. 



Deflections. 



Rijiht. Left., Mean, Right. 



Left, 



Mean, 
^2. 






Unknown 
E.M.F., 
£2 volts. 
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foferecicas. — Prove the relation given in (7), and state any 
, aasuniptions made in obtaining it. 




82. Comparison of the E*M.F/s of 
^ Standard Cells. 

H General Remarks,— In the case of ver)^ accurate standardizing 
Hrk, it is desirable to empioy more than one standard cell on the 
Hi, in order to obtain a complete check on the results obtained 
^m a particular cell. In such cases two or more such cells are 
usually to hand, and it is advisable to comijare their E*M.F:s 
with one another in a separate test On reviewing the previous 
methods already given for die comparison of E*M,F.*s^ a little 
ccQsideratioii will at once show that practically only those of 
"Ctark-Poggendorff,*' *' Beetz," the ballistic, and the electrometer 
nidhods are at all suitable for the comparison of the E,M,F/s of 
^daid cells when an accurate result is required. This will be 
Bit^t when we remember that, in general^ all standard cells are 
wKk to very* rapid polariijation when anything but an extremely 
mimite current is taken out of them ; and nothing greater than this 
ibould ever be taken if it is desired to keep the cells as iwmrafe 
hm^n standaids of E.M.F, In the next place, such cells have 
i^uatly a very Ai^A ifttermji nsishmce^ and if this is not eliminated, 
tt caust be accurately known and allowed for» which again intro- 
duces difficulties. The question of internal resistance can only be 
dimiliated when the cell is on either open circuit or an ej^tt't^mei)* 
h^ih externa/ resistance^ when such mtemal resistance becomes 
wttnely negligible compared with thai of the rest of the circuit. 
Iks the Clark-Poggendorflf and Beetz methods are by far the best 
B this purpose, for not only are they ^^ nult^ methods in the 
Irae that on ** balance " absolutely no current flows through the 
cdli but they are also ** %cro " methods, rV. ones in which rw drfiec- 
<IWion the galvanometer is the condition to be obtained, which 
iMcF»s any kind of galvanometer to be used as long as it is sensi- 
tNr enough* The electrometer and ballistic methods entail the 
tneastirement of deflections, and are therefore not so convenient ; 
*wl the last-named is open to a further objection, namely, that 




I02 Practical Electrical Testing. 

unless the capacity of the condenser used is small, such a quantity 
of electricity may be required to charge the condenser as will 
suffice to appreciably polarize the cell. The electrometer method 
is better in this respect, as the cell is on open circuit. 



63. Measurement of the E.M.F. of 
Standard Cells (Null-zero Method). 

Introduction. — The method, which is a slight modification o^ 
the Clark-Poggendorff one for comparing E.M.F.'s, is a con— 
venient and, with sufficient care, an accurate method of measuring 
the E.M.F.'s of standard cells such as Clark's. In general, thi^ 
type of cell has a high internal resistance, and in addition polarizes 
very rapidly when allowed to send anything but an infinitesimally 
small current, and it should never be allowed to send more than 
this. Hence the present method has the all-important advantages 
that, being a ";/;///" one, the cell is not required to send any 
current at all, thereby enabling its E.M.F. to be very- accurately 
measured, whilst entirely eliminating polarization and the effect of 
high internal resistance. The method consists in measuring the 
P.D. at the terminals of a known standard low resistance, through 
which is passed a known measured steady current. 

Apparatus. — Two high-resistance boxes, R1R.2 and /*jr,, or, in 
lieu of these, a fairly high-resistance potentiometer arrangement, or 
a Thomson-Varlcy slide resistance (p. 321 ) ; potentiometer ** work- 
ing battery," V, consisting of one secondary cell ; sensitive high- 
resistance galvanometer, G ; two-way spring tapping-key, K; 
Clark's standard cell, C, to be tested ; known standard low resist- 
ance, R, capable of (arr}ing i amp. without sensible heating 
(p. 311); main secondary battery, B (p. 338) ; adjustable resistance, 
r (p. 307) ; switch, S ; Kelvin standard centi-ampere balance. A, 
or other standard current measurer (p. 274) ; mercury switch, m\ 
complete " W'heatstone bridge set," WH, for measuring R accurately. 

N.B. -Considerable care should be taken that all contacts dut 
clean and i:^ood^ and that the plugs in each of the resistance boxes 
b(*long to their resi)ective boxes, and are clean. Also that the 
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Fig. 51. 



connections of WB and /w to R are of very low or negligible 
resistance compared with that of R. 

Observations. — (i) Connect up as in Fig. 51, and adjust 
both G and A to zero, the former roughly, and the latter accurately, 
seeing that its constant is so 
ananged as to make it read i amp. 
for a full-scale deflection. 

(2) Make PQ = QT = 5000 
ohms, say, and R = i ohm, and 
the rheostat r a maximum. 

(3) With K and S open, close 
«, and accurately measure the 
^•alue of R, calling it Ro; then 
open w, leaving the WB arms 
unaltered. 

(4) Vfixh K and /// open^ close S, and adjust the current to 
I amp. by means of r, and great care must be taken to keep it 
constant 

(5) In manipulating K, tap genti\\ and only for an instant at 
first; then adjust PQ and QT, so that on closing Ki, G does not 
deflect, PT still being maintained at 10,000 ohms. Note the 
value r, of QT. 

(6) Adjust PQ and QT, so that on closing K2, G does not 
deflect, with PT still equalling 10,000 ohms, and note the value 
TjofQT. 

(7) Repeat (4)-(6) for currents A = f, ^, and \ amp. re- 
spectively. 

(8) Calculate for each the E.M.F. of the standard cell C from 

the relation E^ = - \ AR volts, and tabulate as follows : — 



Sttmbrd cell. 



No. 



Tenpenture of 



Room. Cell, C 



Resifttance of R 



when 



(PQ + QT) = ohms ; E.M.F., V, = volts approximately. 
Reading of A. 



Cold, Ro. 



Warm. 



Deflection. True amp. 



I 



Inferences.— Prove the relation given in (8), and state any 
assumptions made in obtaining it. 



I04 



Practical Electrical Testing. 



Notes. — ^The foflowing is the correction for variation of E.M.F. 
with temperature for any temperature f C. : — 

For Board of Trade or ordinary Clark's cells, E.M.F. = 
I '434! I — oooo78(/^ — 15^)}. legal volts. 

ForCarhart-ClaA cells, E.M.F. = i'434{ i -o-ooo38{/'- 15")), 
legal volts. 

Correctioiis. — If R is subject to hearings its resistance when 
warm must be obtained and used in findii^ Ec. To do this, let 
the current used. A, flow for a sufficient time to allow R to gain 
a constant temperature, /,» ; then suddenly 
open K and S, and close m qtdddy^ 
balancing the WB. Note the resistance 
R/i so obtained, and the number of 
seconds /, after the ^''^ break^ when this 
balance was accomplished. Repeat this 
for a longer and shorter time if possible. 
Then, if R/,, R/j, ... are the resistances 
. . . sees, after the break, the resistance 
of the break is found as indicated in 




Fig. 52. 



of R at the times /„ 4 
"«'<jr/ii" at the instant 
Fig. 52, and is equal to the ordinate NQ 



64. Effect of Size and Distance between 
the Plates of a Cell on Its E.M.F. 
and Internal Resistance. 

Introduction. — Relative measurements of different E.M.F.'s 
may be made by employing a galvanometer of high resistance 
cv)m|Kired with that of the source of E.M.F., and one in which 
the scale deflections are proportional to the current-strengths, as, 
for instanci^ in a tangent, D'Arsonval, or mirror galvanometer 
res|HViively. Internal resistance may be conveniently measured 
by what may be termed the "fall of potential" method {vide 
1». 77), using such a galvanometer as the above. 

Apparatus. — Reversing switch, Kj ; high-resistance galvano- 
meter, c; ; variable known resistance, R; key, K2 ; cell, B, to be 
tested, consisting of a Daniell's cell, so arranged that the plates 
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can be raised or lowered in the liquid, and also placed at various 
distances apart {vide p. 339). 

Observations. — (i) Adjust the galvanometer needle to zero, 
and place the plates as near together and as deep in their liquids 
as possible. With Kj unclosed and manipu- 
lating Ki, obtain deflections on both sides of 
zero. Denote the mean of these two by d^, 

(2) Repeat (i) with two-thirds and one- 
third of the plates immersed and the tips 
just in respectively. 

(3) Separate the plates to one-third of 
the total length of cell, and repeat (i) and (2) 
for this new position. 

(4) Repeat (3) with the plates two-thirds 
and the maximum distance apart. 

(5) Adjust R to such a value that on 
pressing Kg an appreciably smaller deflection 
is obtained on G than hitherto. Now note 
the mean deflection d^ on pressing K2 for each of the positions of 
the plates mentioned in (i)-(4). 

(6) Calculate the internal resistance of the cell for each position 
from the formula — 




B = 



//i — ^2 ^ 
-^-— '- R ohms 



N.B. — If a tangent galvanometer is being used for G, and the 
deflections are in degrees, the tangents of these must be taken. 
Tabulate as follows : — 



AoMantofpbtes 



Distance 
between plates. 



E.M.F. 
(mean), di. 



Potential 

difference 

(mean), d-^. 



Rohms. 



B ohms. 



Inferences. — Write out carefully all the inferences which can 
be drawn from the above experimental results, and point out their 
bearing on the construction of cells intended for large currents. 
Prove the formula given in (6), and state what assumptions are 
made in deducing it. 
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65. Determination of the Relation betweer* 
E.M.F. and Temperature of a Thermo-^ 
electric Element. 

Introduction. — Whenever contact is established between 
two dissimilar metals, an electric P.D. is set up between their 
**frec" extremities. Thus, if a rod of some metal, such as 
bismuth, for instance, has two copper wires soldered to its ends, 
which are at different temperatures, a P.D. is set up between the 
free ends of the copper wires, which will produce a current when- 
ever they come in contact. Such an arrangement as this is com- 
monly caller! a " thcimo^otipU^' and a series of such, in which the 
two sets of alternate junctions are at different temperatures, con- 
stitutes a *' thcrmo-pikr The magnitude of this effect depends 
on the difference of temperature of such junctions, and the present 
exjK^riment is arranged with the object of investigating the relation 
between the two. 

Apparatus. Thermo-couple to be experimented upon 
(p. hl"^^ • sensitive galvanometer of fairly large resistance (p. 280) ; 
and a resistance box. 

Observations. - ( 1 ) Connect this apparatus in simple series, 
and adjust the galvanometer to /.ero. 

(2) With both copi>er cans nearly full of cold water, heat up 
the right-hand one to boiling [K>int, as shown by its thermometer, 
the lemtx'rature of tlio other being kept at that of the cold water, 
and as constant as jKissible. 

(3) Adjust the resistance so as to obt;\in a full-scale deflection 
on the galvanomotor when the water in the right-hand can boils 
frt^ely. Note this detlectioi\ d, which is pro{x>rtional to the E.M.F. 
of the thermi^MTOuple and the tem^H^Tatures /^ of the hot and 4 of 
the cold water. 

U) Remove the tlamo, and take simultaneous readings of 
/., /., and ./ every 5 C down to the lowest temperatxu^ obtainable, 
ktvpmg the circuit resistance constant all the dme, and tabulate 
as follows : - 



Pracikal Electrkai Tisting, 



10/ 



Tli«nDCi-ooiiple Icttbd, 



horn rcsilsianccp R, ^ oh[n&. 



Tot&] drcuit 



E.M,F. pro- 



I 



li'^C 



't^C 



(^i-/jifa 









Note. — The water in each can should be stirred frequently 
ensure uniformity of temperature, 

(5) From the total circuit resistance, deflections, and the 
** figure of merit'* (p* 28) of the galvanometer, calcdate the 

M*F. of the thermo-couple in micro-volts. 

(6) Plot a curve having values of d or E«M-F. as ordinates^ 
and values of (/, - t^) as abscissae. 

Inferences. — State clearly all that can be inferred from the 
leiulis of your obsen^ations. Why should the circuit have a high 
PSKtance prtfeiably ? 



Preparation of the Clark Standard 




Cell. 



^^^Defifiitioit of the Cell.^The cell consists of dnc and mercury 
^Hi^saltirated solution of ztnc sulphate and mercurous sulphate 
^Bb water, prepared with mercurous sulphate in excess, and is 
^^ cori?eniently contained in a cylindrical glass vessel. 

^ Preparation of MateriaLs. —The Mercury, — To secure purity 
should be first treated with acid in the usual way, and sub- 
[uently distilled in vacuum, 
jy ZitH, — Take a portion of a rod of pure zinc, and solder 
to one end a piece of copper wire* Clean the whole with glass 
l«per, carefully removing any loose pieces of zinc. Just before 
■ talking up the cell, dip the zinc into dilute sulphuric acid, wash 
^bnth distilled water, and di^ with a clean cloth or filter paper. 
^H Tlu Zinc Sulphate Si^iutkm, — Prepare a saturated solution of 
^n^re (reerystallized) zinc sulphate by mixing in a flask distilled 
*ai«i with nearly twice its weight of crystals of pure zinc sulphate, 
adding a little dnc carbonate, in the proportion of about 
Ipei cent, by weight of zinc sulphate c^^stals, to neutralize any free 
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acid. The whole of the crystals should.be dissolved with the ai^ 
oi gentle Juat^ i.e. not greater than 30° C, and the solution filtered 
while still warm into a stock bottle. Crystals should form a^ 
it cools. 

The Mercurous Sulphate. — Take mercurous sulphate sold as 
pure, which is white, and wash it thoroughly with cold distilled 
water by agitation in a flask ; drain off the water, and repeat the 
process at least twice, but after the last washing, drain off as much 
water as possible. Mix the washed sulphate, in the proportion of 
about 12 per cent, by weight of ZnS04, crystals with the zinc 
sulphate solution, adding sufficient cr}'stals of zinc sulphate from 
the stock bottle to ensure saturation, and a small quantity of pure 
mercury. Shake them well up together to form a paste of the 
consistency of cream. Heat the paste sufficiently to dissolve the 
crystals, but not above 30° C. Keep the paste for i hour at this 
temperature, agitating it from time to time, and then allow it to 
cool. 

Crystals of zinc sulphate should then be distinctly visible 
throughout the mass. If this is not the case, add more cr)'stals 
from the stock bottle, and repeat the process. This method 
ensures the formation of a saturated solution of zinc and mercurous 
sulphates in water. The presence of the free mercury throughout 
the paste preserves the basicity of the salt, and is of the utmost 
importance. Contact is made with the mercury by means of a 
platinum wire about No. 22 B.W.G., which is prevented making 
contact with the other materials of the cell by being sealed into 
a glass tube, the ends of the wire projecting beyond those of the 
tube. 'One end forms the terminal ; the other end, and part of 
the glass tube, dip into the mercury. 

To set up the Cell. — The cell may be conveniently set up 
in a small test tube of about 2 cms. in diameter and 6 or 7 cms. 
deep. 

Place the mercury in the bottom of this tube, filling it to a 
depth of say i '5 cms. 

Cut a cork about 0*5 cm. thick to fit the tube. At one side of 
the cork bore a hole through which the zinc rod can pass tightly ; 
at the other side bore another hole for the glass tube w^hich 
covers the platinum. At tl^ edge of the cork cut a nick through 
which the air can pass when the cork is pushed into the tube. 
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Pass the zinc rod about 1 cm. through the cork. Carefully 
clean the glass tube and platinum wire, then heat the exposed 
end of the wire red hot, and insert it in the mercuiy in the test 
tab^T taking care that the whole of the exposed platinum is 
covered, 

ke up the imste, and mtroduce it without contact with the 
Ipperpart of the sides of the test tube, filling the tube above the 
wmvi to a depth of rather more than 2 cms. 

Now insert the cork and zinc rod, allowing the glass tube to 
fjass ilirough the hole in the cork made for it. 

Push the cork gendy down until its lower surface is nearly 
in contact with the liquid. The air will thus be nearly all ex- 
pelled, and the cell should be left in this condition for at least 
i\ hours before sealing, which should be done in the following 
nay :— 

»Melt some marine glue until it is fluid enough to pour by its 
own wdght into the test tube above the corkj using enough to 
•com completely the zinc and soldering. The glass tube should 
pTOJect above the top of the marine glue. 

The cdl thus set up may be mounted in any desirable way ; 
1^ do ii so that the cell is immersed in a water-bath up to the level 
■ iayof the upper surface of the cork- Its temperature can then 
\^ determined more accurately than is possible when the cell is 
in air. 



I 



67, Action of Shunts on Galvanometer 
Deflections. 

Introduction. — It is often the case that a certain galvanometer 
l^j which is the most suitable one to use, happens to be too 
[sensitire, and that the current which it is desired to measure 
I produces a deflection quite off the scale. If the galvanometer is 
of the suspended needle type its sensibility might perhaps be 
t fisilicienUy reduced by bringing the controlling magnet close to the 
1 t^eedle. The best method, however, is to connect the galvanometer 
als by a suitable resistance, which allows a certain fraction 
^ of the main current to go through G, the rest through the 
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" by-pass " or " shunt " circuit, as it is called. It is sometimes 
the case that the insertion of a shunt so reduces the resistance 
between the terminals of G, and therefore that of the circuit, that 
no effect is produced on the deflection owing to increase of total 
current. Thus the precise action of shunts on galvanometer 
deflections for different conditions of the circuit is a most 
important matter. The more elaborate forms of galvanometers 
are provided with shunt boxes fitted usually with three resistances 
respectively, ^, jp^, and ^^, that of G thus making it possible to 
send only -j^, y^t,-, and yoTo ^^ ^^ ^^^^^ current through G re- 
spectively. If J = the resistance of the shunt, and g that of the 

galvanometer, then is called the ^^ multiplying powei'' of the 

shunt, and is the amount by which the galvanometer current must 
be multiplied in order to obtain the total current in the main 
circuit. 

Apparatus. — Galvanometer, G ; resistance box, R ; battery, 
B, of one or more cells ; key, K ; resistance box, S, for use as 
a shunt ; plug or other similar key, K,. 

Observations. — (i) Connect up as indicated in Fig. 54, and 
adjust the galvanometer needle to 
^^.^^s^yoy.,.,;^^ zero, using one cell. 

/^ ( V — / nTN. (2) With K, open, close K, and 

I S^ I?5k \ ^^J"^^ ^ ^^ ^^ high a value as pos- 

^ ^*^' \ sible, preferably not less than say a 
I hundred times the galvanometer re- 

^^^ I ,/vAAA/^ sistance gy so as to get nearly a steady 

^ ^-^"^B R full-scale deflection d. Note this and 

Fig. 54. ^^^^ ^'^^^^ ^^ ^• 

(3) Close K and K,, and adjust 

S, keeping R as before, so as. to obtain about -^ d less deflection 

than before. Note this d^ and the value of S. 

(4) Rf peat (3) for about ten different deflections, decreasing 
by about equal amounts by altering S, keeping R constant, and 

show that the relation -7 = holds for each, - --* being used 

d s-^-g tan ^ ^ 

in the case of a tangent galvanometer. 

(5) Repeat (2) (4) for two cells, reproducing the original 
deflection d, and tabulate as follows : — 
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Galvanometer resistance, g^ 


= ohms. 






NiBnber 
of cells 
Bsed. 


Resistance, 
R. 


Total circuit 
resistance, 

R + ^+ '^ 


Shunt, s. 


Deflections. 


d 


t 


Unshunted, 
d. 


Shunted, 
dx 


s + g 



















(6) Plot curves having values of s as abscissae, and currents 
di through G as ordinates. 

Inferences. — Prove the relation given in (4), and state what 
assumptions are made in obtaining it. What inferences can you 



deduce from the results of your experiments ? Prove that 
= resistance of the shunted galvanometer. 



s-^g 



68. Relation between the Current in a 
Shunted Galvanometer and the Total 
Current in the Main Circuit. 

Introduction. — When the resistance of a galvanometer is 
small compared with that of the rest of the circuit, any alteration 
in its eflfective resistance will practically not alter appreciably the 
total circuit resistance, and consequently the current. Now, we 
have seen that the effective resistance between the galvanometer 

CO" 

terminals is reduced from g to on shunting it with a shunt j, 

and therefore if the diminution of this resistance, viz. g — > 

is at all comparable with the resistance of the rest of the circuit, 
the total circuit resistance, and hence the total current, will be 
considerably altered (increased). The object therefore of the 
following experiment is to see what effect such an increase of total 
current has on the galvanometer current, and the deflection it 
produces, and the conditions under which this effect takes place. 
It will be obvi6us at first sight that the question is one of great 
practical importance. 

Apparatus. — Precisely that mentioned in the preceding test, 
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with the addition of another galvanometer, G«, for die main 
f inuit. 

Observations. — (i) Connect up as in Fig. 54, pladi^ G. Id 

(he main circuit, and adjust both galvanometers to zero, usii^ ooe 
iir fnorr cells of fairly constant E.M.F. 

(j) With K, oi>cn, adjust the battery E.M.F. and R (which 
nhouhl preferably not be more than two or three times jf) so as to 
obtain about a half-scale deflection, d^, on the main galvanometer 
( J.„. Note this, and also the value of R, and the deflection doa 
the I It her ^alvanometcr G. 

(.0 ( 'lose K, and K, and, with R as before, adjust S to about 
ilcniblr the resistance of G. Note the deflection d^ of G and ^,of 
(i,„ ami S. 

(.\) If the deflection d,^ has altered, adjust R only, so as to 
t( pfoilnee the first detlcetion obtained in (2) above, and note the 
vahH' K, retiuired to do this. Then reduce the resistance again 
to its firiginal value, as in (2) above. 

(5) Kepeal (s) and (4) for about ten different values of/, 
ilci jeasing by about equal amounts to say one-tenth of the value 
ol the i^alvanoiueter resistances G. 

Tabiilali' your results as follows: — 



(Mllx.lllolUrtrr rcststiuice, /T, = 



ohms. 



' I. .1.(1 

I lit nil. 



Deflections. 



vShunt, I 



, I'nshuntcd, 



Shunted, 



Main, 






(()) Plot ihr lollowini; curves, one having values of J as 
al)M is.s;r ami i imcnts ,/, through G as ordinates, the other with^ 



as oidinali's and 



SiL„ 



as abscissa:. 



Inferences. Si a it" concisely all that can be inferred from 

your ixpt riincnlal results. 
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(9, Determination of the Apparent Increase 

»of Resistance of a Ballistic QalvanO" 
meter when Shunted, 

Introduction. —When a sready current flows through a galva* 
oomeier it obeys Ohm's law, or, in other words, is inversely 
proportional to the ohmic resistance G of the instrument* If, 
however, the current is varying irom instant to instant^ the above 
proportion no longer holds, for two reasons— (i) the coils of the 
' rionieter being necessarily wound inductively possess sclf- 
, uon (vid€ p. 1 93 J, which, to a varying current, sets up a back 
E,M*F*, opposing the passage of the current, and consequently 
introducing an apparent extm resistance in the galvanometer, in 
addition to that which the coils have for steady currents; (2) by 
I*rni's law ihe motion of the galvanometer needle will in itseif 
produce a back E.M.F, in the coils, tending to stop the flow of 
LTintnt, and hence introducing an apparent extra resistance on 
Itfits accoonL Thus, in the case of a varying current flowing 
bfsimgli a galvanometer whose controlling magnet is fixed j the 
ciuiil resistance offered by the instrument to the current is greater 
It wouJd be for a steady curitent by an amount due to the 
ove two causes* We can therefore at once see that if the galva- 

ODieter is shunted by a shunt of resistance S, the fraction - — - — , 

lich is die "multiplying power" of the shunt when a steady 

em flows, is not the true " multiplying power" for a varj^ing 

Tciit such as would be obtained in a ballistic galvanometer 

ai a discharge passes through it. The correction to be apphed 

^ihe appannt €xira rmshviu\ which we may call K^i due to both 

f the above causes, and which is added to the ohmic or ordinary 

llvanomeier resistance. For any particular galvanometer, wiih 

I control definitely adjusted, the resistance in ohms of K^^ has a 

nite %alue, and the '' trtu muitiplyiti^ pow^r'' of the shunt S 

S + G + K« 



I with the ballistic galvanometer = 



The object 



present test is to determine the ralue of K^, which may 

be clone experimentally* 



i 
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Apparatus.— Galvanometer, G, to be tested; shunt resistances 
S ; condenser, C, of known variable capacit}' (p. 354) ; one two-wa^ 
and one single-way spring tapping-key, K and K, respectively 
battery, B, of fairly constant E.M.F. cells ; two adjustable knowa 




resistances, r,, 



or a potentiometei 



arrangement. 

Observations. — (i) Connect up 
as in Fig. 55, and adjust the galvano- 
meter G to zero. 

(2) Adjust C and the total resist- 
ance AD = Ts and the fractional re- 
sistance /'i to some convenient values 
such that, on pressing Ki with K, open 
so as to charge C through the unshwited 

galvanometer, a convenient first throw d^ is obtained on G. Note 

the values of C, Ti, and r^. 

(3) Completely discharge C by short-circuiting it, and adjust S 
to some suitable value such that, on pressing K2 with Ki closed 
so as to charge C through the shunted galvanometer, a convenient 
first throw d^ is obtained. Note the value of S (C, /'i, and r- 
remaining unaltered). 

(4) Repeat (2) and (3) for about six different values of C, 
keeping the same values of S, i\^ and f\, 

(5) Repeat (2) and (3) for about six different values of S, 
keeping C, r„ and /« unaltered. 

Note. — C must carefully be discharged before each separate 
charge. 

(6) Calculate the constant K,. as previously mentioned from 
the relation — 

d,r. 



-<:;:;-■)-" 



and tal)ulatc your results as follows : — 



C:ip;icit\ , C, 
for reference only. 



Ballistic galvanometer tested, 

First throws. 



Shunt, S. 



d,. 



ohinic resisUince, < 1. = ohms. 
Kesislanccs. 



Mean, *^- 
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N.B.— The test will be most accurate when S is so adjusted as 
to make d^ = d^. 

Inferences. — \\liat can be inferred from your experimental 
results? Prove the relation given in (6), and state any assump- 
tions made in obtaining it. 



70. Determination of the ''Constant" of a 
Tangent Galvanometer (by Calculation 
and Experiment). 

Introduction. — The construction of two well-known types of 
tangent galvanometers is given on p. 267, et seq,^ and we may here 
consider their theory more in detail with advantage. First take 
the case of a single coil or the ordinary form of this galvanometer. 
If the breadth and depth of the section of the coil be small 
compared with its diameter, a current passing through it produces 
a magnetic field, which is accurately calculable at the centre, and 
which is uniform throughout a considerable space in the neigh- 
bourhood. 

If A = current in absolute C.G.S. units flowing through it, 
n = number of turns on the coil, and r its mean radius, then the 
field F at the centre acting perpendicular to the plane of the coil 

. „ 2t;/A 

isF= 

r 

But the needle will be deflected from its position of rest in tlie 

magnetic meridian, with its axis in the plane of the coil, through 

an angle ^ such that F = H tan B when it comes to a state 

of equilibrium. 

2ir;/A ^_ ^ 
Hence -- = H tan ^ 
r 

H H 

.-. A = -— tan ^ = ^ tan ^ ^ K tan ^ 

27r// G 



G, which = — , is called the ^^ tfue cotistanf'' of the galva- 

nometer; and K, which = — , is called the ''' working constant'' or 
G 



Ii6 
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from the above that A = lo ^ tan ^ amps. 



" reduction factor^'' H being equal to the horizontal intensity of 
the earth*s magnetic field, and is a constant for a given locality. 

In the above it is assumed that (i) the earth's field H is the 
only controlling force acting on the needle, and therefore that 
there is no friction in the pivots or suspension; (2) the needle 
is so short that its poles never move out of the uniform field at 
the centre of the coil. 

Since 10 amps. = i absolute C.G.S. unit of current, we have 
H 
G 

Now let us consider the double-coil form of tangent galva- 
nometer knoHTi as the Helmholtz pattern, and described on p. 269. 

This is intended as a standard for 
measuring currents absolutely as well 
as relatively. Owing to the peculiar 
form of construction the field at and 
about the point O, at which the needle 
ns is pivoted, due to the current in 
the two parallel coils, is very unifortn, 
enabling a longer needle to be used. 
Sui)pose the circles to represent turns 
of wire on the coil, part of one only <^^ 
which is shown in Fig. 56. Consider 
first the action of a circular current on the needle or a pole at ^ 
in the axis of the coil, but not at its centre. An element ds of 

current of strength A produces at the point O a force /= ^^^-^^ 

perpendicular to OB, where /// = strength of the pole at O. 




Fig. 56 



The resolved comix)nent of) __ ffiAJs 
this force along the axis \ 



= — ^ cos e = 



tnKds 



sin 4> 



the resolved component due I 
to a single current turn I ^ 



mhds R 

wA27rR2 



And if n = number of turns on the two coils together, or - ^^ 
each, then this resolved force = ''''i^27rR2 



r2 
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But in a Helmholtz galvanometer R = 2df and r* = R* -f « 
= f R* ; therefore the total force acting on the needle at O is— 

w«A2irR2.8 i67r mn 



F = 



5IR8 5i • R 



Now, when the needle is deflected through an angle <^ from its 
zero position in the magnetic meridian, and with its axis parallel 
to the planes of the two coils, this total force balances that due 
to the horizontal force H of the earth, or we have two balancing 
couples due to these two forces. 

Hence wH/sin <^ = F/cos <^ = — . —A/ cos <^ 

5! R 

H H 

hence A = -^— tan <^ = tan ^ = K tan <^ 
2irffo VT 

, ^ 8 lirn 2irn 

where G now = —.—-= 07135 — 
53 R ' '^^ R 

In other words, the field intensity is only 07135 of what it 
would be if the needle were in the centre of the n turns, all on 
one bobbin of radius R. 



71. Calibration of a Galvanometer by Com« 
parison with a Mixed Gas Voltameter. 

Introduction. — The following method is convenient for 

determining the relation between the ciurent and corresponding 

amount of chemical decomposition produced per second, also the 

" constant " of a tahgent galvanometer, which may be defined as 

^e number by which to multiply the tangent of the angle of 

deflection, in order to obtain the current in amperes flowing 

through the instrument. One ampere flowing through a solution 

^^ sulphuric acid and water (i to 10 say by volume) is found to 

"Derate 0*1738 c.c. of mixed gas per second at 0° C. and 760 mm. 

P^'^ssure ; hence the current that liberates any other volume per 
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second can at once be found. When the stop-cock of the volta 
meter is closed, the gas produced by the current cannot escape : 
the pressure inside therefore becomes greater than that of the 
atmosphere, and the liquid is forced up the other tube, to which 
a bulb and thistle funnel is attached. The rate at which the 
liquid rises in this tube is a measure of the amount of gas evolved 
per second. Opening the cock allows the gas to e-scape and the 
liquid to run out of the tube and bulb. Care must be laken that 
the liquid does not accumulate in the thistle funnel and overflow, 
also that the current in the connecting wires do not affect the 
galvanometer needle. The volume of the bulb and tube between 
the two scratches = i7'38 c.c. 

Apparatus. — Tangent galvanometer, G; mixed gas volta- 
meter, V (p. 332); switch, S; variable carbon resistance, R. 
battery of secondary cells, B (p. 338). 

Observations. — (i) Connect up as indicated in Fig. 57, and 
P adjust the galvanometer needle to zero 

by slightly turning the instrument. 

(2) Send a convenient current 
through the apparatus by closing S and 
suitably adjusting R. Open the stop- 
cock, and allow the liquid to become 
thoroughly saturated with gas. 

(3) Now adjust R so as to get a 
deflection of 10° on the galvanometer 

scale, which must be kept constant ; then close the cock, and note 
the exact number of seconds / taken by the liquid in rising from 
the bottom to the top scratch, also the deflection it" on the 
galvanometer. 

(4) Repeat (3) about three times with the same deflection, and 
take the mean as being the more accurate result. 

(5) Rei)eat (3) and (4) every 10'' up to about 70°, and calculate 
for each current the value of the galvanometer "constant" K 
from the formula A = K tan iP, where A = current in amperes 

o 

I)roducing the deflection if, and from the formula K = » 

G 
where G is the '' triw'' galvanometer constant, as mentioned 
previously, and H = the earth's horizontal intensity. Tabulate 
as follows : — 
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Galr. deflec- 
tion, i^. 


tan*^. 


Time rise of 
liquid, t sees. 


Vd. ofgas 
per sec., 
V — '7*38 
t 


Current 
in amps., 

A= V 

0-1738 


Galv. 
constant, 

^ - tan d"" 


Galv. 
constant. 

K = g 


i 











(6) Plot two curves on the same curve sheet having values 
of V and A as abscissae respectively, and tan ^° as ordinates in 
each case. 

Inferences. — State clearly all the inferences which can be 
drawn from the results of the above experiment, and also any 
con-ections and precautions to be used, in order to determine the 
current in amperes accurately. 



72. Standardization of Current Measuring 
Instruments (Silver Voltameter Method). 

Introduction. — This method is one of the most accurate for 
calibrating or standardizing instruments for measuring current 
strength. It depends on the well-known principle that when a 
current of electricity flows through an electrolyte the amount of 
decomposition resulting in a given time T is directly proportional 
to the total quantity of electricity Q which has passed in that 
time, or if A = the current flowing during a very small interval 

of time dt^ then Q = / A^/; and if A is constant throughout, 

then— 



Q = A J V/ = 



AT coulombs 



We therefore see that unit quantity (i coulomb) of electricity 
is given by unit current (i amp.) in unit time (i sec.)j Now, 
for any particular substance i coulomb will always decompose or 
liberate at the cathcxie the same fixed weight of the substance, 
which is usually termed its ^^ elect ro-chemical equivalent" and 
denoted by Z. 

In other words, Z = number of grams of the substance 
deposited by i coulomb. The value of Z in the case of silver 
^ been very carefully determined to be 0001 118 15, and in 
terms of this the value of Z for all other substances can be 
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calculated as follows : Let the atomic weight of the substance be 
Aw, and its valency be V. 

^ Aw 

Then its " chemical equivalent'' Ce = -^- 

For silver C^ = = io8 

I 

Therefore for any other substance Z = ^:?^iI?L5Aw 

108.V 

Now, a voltameter measures the quantity I A///, i.e. Q, by the 

amount of chemical decomposition which occurs. Hence, know- 
ing this, and the time T in seconds for which the action lasts, we 
see that the current, if constant, is given by the relation— 

A = Q= ^^ 
T TZ 

where W = number of grams deposited. 

The silver voltameter, by means of which we can obtain W, 
and hence A, is shown in Fig. 195 (p. 333), where it is described. 
It may be again repeated that the maximum current which may 
be used so as to get a good adherent and finely crystalline deposit 
in any platinum dish is approximate to i amp. per 6 sq. ins. of 
surface. Also with a bowl about 3 ins. in diameter and \\ ins. 
deep, a 15 i)er cent, i^ure silver nitrate solution maybe used for 
I amp. for an hour, and a 30 per cent, solution for 2 amps, for 
15 minutes. The density must be increased for increase of current. 
Apparatus. — Silver voltameter, V ; secondary battery, B 
(p. 338) ; carbon rheostat, R ; current measuring instrument, A, 
to he standardized ; two-way switch, S ; 
drying cui)board or desiccator and spirit 
lamp. 

Observations.— (i) Connect up as 
in Fig. 58, and carefully clean the plati- 
num dish by first treating with nitric 
arid to remove any silver, then wash wth 
distilled water to remove acid, and either 
];lace in a drying cupboard or over a spirit flame. Lastly, allow 
it to cool in the desi(x.ator. A\'hen cold, measure its weight Wi 
grms. very accurately on a chemical balance. 




Fig. 58. 
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<5) Place the bowl on iis ring, and fix a good filter-paper round 
the silver disc so as to prevent any impurities being deposited on 
the bowl. Then clamp the disc in position so that its edges are 
equally distant from the sides and bottom of the bowl. Now 
pour in the neutral solution of pure silver nitrate to within about 
^ ifl. of the brim. 

\l) Adjust A to zero, and switch S to i, altering R so as to 
©bttin the desired value of current. 

(4) At a known noted instant switch S to 2, and very quickly 
' readjust R so as to get the desired current. Keep this constat) t 

for 30 minutes^ say; and switch off* having noted the temptTature 
fthebath. 

(5) Empty the solydon from the dish into the stock bottle, 
I »ad carefully wash the deposited silver with distilled water. Fill 

lb dish with it, and allow it to stand about 15 minutes. Now 
nme it out with the water, and lastly with alcohol, then dry 
[over the spirit flame and cool in desiccator, 

^ When cold, accumtely determine the weight Wg of the dish, 
f calculate the current in amperes from the relation — 

A ^ 3 - >V^ 
0*001 11 $15/ 

ihert t St ntimber of seconds for which the current flowed, 
(7) Repeat ( I )-{6j for another widely different current strength, 
I tabulate as follows : — 



WciKbt of bowt. 



Wj ^nss, Wg grmt- 



grnu. 



curv of ine 
bath, on A- 



True cnnneni, 
Zt 



Per ceiit. 
error of 
ftaniUrdn 



?3. Determination of the ^* Constant'* of a 
Galvanometer or Ammeter by means 
of a Copper Voltameter* 

Introduction,— From the results of a brge number of tests it 

Efl found that, using the necessary precautions, the constant 

I dectric current instniment can be obtained with certainty 10 
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within y^ per cent, of absolute accuracy by the electrolysis o( 
copper. The voltameter V should consist of three or more pure 
copper plates dipping into a saturated solution of copper sulphate 
contained in a suitable glass or earthenware vessel, there being 
one more ** anode " than " cathode," and the two sets aminged 
alternately with an anode at each end. The plates should be as 
square as possible, and placed from i to J in. apart ; if too close, 
polarization will take place when strong currents are used, and the 
current density (reckoned in amperes per square centimetre) is too 
great. There should not be less than 30 sq. cms. per ampere ; if 
there is, the plate surface will be too small, and the deposit on the 
cathode irregular, some of it falling to the bottom of the vessel. The 
resistance of V will also become high and variable, due to formatiori 
of copper oxide, and give trouble in keeping the current constanu 
The solution should be a saturated one (sp. gr. 1*2 11) of pure 
copper sulphate crystals and distilled water, with i per cent by 
volume of strong sulphuric acid added, which is necessar)- to 
ensure success. The volume of solution should be about 1 100 c.c- 
per ampere. The anodes may be made of about No. 18 S.W.G-. 
and the cathodes or gain plates of No. 30 S.W.G. pure copper, all 
edges and comers being smooth and rounded. The electro- 
chemical equivalent Z of any substance, in this case copper* 
equals the number of grams deposited by i coulomb. 





Tabi.k 


IV. 


Cathode area 
ill SM). cms. 


Values of Z for copper. 


p€r ampere. 


a"^- C. i 
0003288 1 

88 
87 


12- C. 23° c. 


50 
100 
150 


0003287 1 0003286 

84 1 83 
81 1 80 


200 
250 
300 


85 

83 1 
82 1 


79 1 77 
78 1 75 

78 ; 72 



Apparatus. -Voltameter, V (j). m)\ rheostat, R (p. 30^^' 
s\*'itch, S : ammeter. A, to be standardized : secondar}' batter)', B* 
dr}'ing cupboard, D: acid bath. 

Observations. — (i) Connect up as indicated in Fig. 59.^ 
adjust A to zero Light the gas-jet under the steam boiler of P* 
after seeing that the latter contains enough water. 




B 
Fig. 59. 
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(2) Determine the necessary area of cathode, and hence the 
number of gain plates required for the current to be used, reckon- 
ing both sides in contact with liquid as the effective area of 
cathode. 

(3) Carefully clean the cathodes all over with fine emery 
doth until quite bright, then dust with a dry 
dan clothy and do not touch the part to be 
immmedwith the fingers. Clean the anodes 
if they look dirty. 

(4) Carefully weigh the gain plates on a 
diemical balance to i milligram, and note \k\ 
their weights W, grms. T P 

(5) Insert the same area of trial plate ^-/•/•/'/»^ 
to act as cathode, so as to adjust the cur- 
rent to the value required; then remove 
them, making sure that the positive of battery is joined to anode. 

(6) Insert the weighed gain plates, and at a convenient and 
noted instant of time switch on, quickly adjusting the current to 
its proper value. 

(7) Keep it flowing for at least 30 minutes, and maintain it 
constant all the time by altering R, if necessary. 

Note. — 1*177 grams of copper (cupric) are deposited per 
ampere-hour approximately. 

(8) Note the exact instant of switching off. Very carefully 
remove the gain plates so as not to scratch them, rinse in acidu- 
lated water to prevent the nascent copper oxidizing, then in clean 
water, and place in D to dry. 

(9) When dry and cool reweigh the gain plates, and note the 
weights Wj grms. 

(10) Repeat (2)-{9) for a different current strength, and 
tabulate as follows : — 



Cathode area = sq. cms. per amp. ; temperature of baih = ^ C, 2* = 



Weight of plates in 
grams. 



Before, 
IW,. 



After, 
2W,. 



W 



Deposit, 
= (2^2-3 



2W,). 



Time in 
sees., t. 



Reading 
of A. 



True 
amperes, 

W 
Zt 



Per cent, 
error of A. 
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74. Conductivity and Specific Resistance oC 
Electrolytes. 

The accurate measurement of the resistance of electrolytic^^ 
liquids is very troublesome and difficult owing to phenomena 
which become manifest immediately a current flows through the 
liquid, and which are usually designated by the term ^^ polarization^ 
It consists, firstly, of a back E.M.F. set up by the decomposition 
of the electrolyte ; and secondly, of what is called a transition 
resistance introduced at the surface of the electrodes in contact 
with the liquid, probably due to partly an air film and partly the 
separation or condition of the ions at these points. In the case 
of solutions of salts, these injurious effects can be to a great extent 
minimized by using electrodes composed of the same metal as in 
the salt. This is particularly the case with zinc and copper 
sulphates. Platinum may be used for other solutions. Numerous 
devices and methods have been suggested and used by various 
experimenters for eliminating or reducing the disturbing effects of 
]^K)larization, and of these the following are the best. 



75. Resistance of Electrolytes 
(Stroud -Henderson Direct-current Method). 

Introduction. — There can be little doubt that direct-current 
methods possess an advantage over alternating-current ones in 
the matter of the current indicator, enabling a delicate reflecting 
galvanometer to be used instead of a telephone, the former being 
more reliable though less sensitive and far less dead-beat than the 
latter. The present method, though similar ' in some respects to 
continuous-current methods previously devised, differs from them 
in the form of electrolytic cell used, and in the use of high 
voltages and high resistances, so as to effectually drown any 
residual error due to differential polarization. It consists in using 
a ba/afid/ig cell, c, having the same size of plates, etc., and in all 
resj)ects similar and equal to the main electrolytic cell C, but 
having a much shorter length of liquid conductor. With such an 
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a[T:i!igement the disturbing effects of polarization can practically 

be dimmted, or, at all events, at least 99 per cent, of them can, 

tbygh generally the balance is much more perfect than this, 

Tbt construction and arrangement of main and balancing cells is 

described on p. 343* The measurement of the resistances are 

fected with a W'heatstone bridge arrangement, as in Fig. 60, from 

f which it will at once be seen that if /i = iv,, then when balance is 

obtained in the usual way, equal currents will be traversing both 

l*ills, C and c\ and therefore there should be equal and opposed 

'|whruations, which, theoretically speaking, should neutralise each 

ijther. The best positions of G and B are as in the figure, and if 

is a delicate D'Arsonval galvanometer of from 300 to 400 ohms 




„^V^,|.. H 



Fig. 60 



ance, it is possible to easily detect differences of about 5 
Dsin R, in say 30,000 ohms, when r^ = r^ = 2000 ohms, and the 
IF Js 30 to 40 volts* A constant, R, can be obtained for a 
rtiajlar fjair of tubes by calibrating them, or measuring their 
[ths, and weighing in a watch-glass the niercur}^ required to fill 
In finding this weight, the results will be most concordant 

I the finely ground ends of the tube is stopped by nieans of a 

I piece of thin glass cover backed with cork about yV inch 
the diameter of cover-glass and cork being about the 

\ as the external diameter of the tube, so that one finger wlI! 

I the cover-glass firmly up against the end of the tube w ithout 
' of tilting one edge relatively to the end of the tube* 
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To nad the cnuijxt K oc the Dxbcs — 
Let L = the leoKth hi o eutlm e u e s of the longer tube, and . 
d&e sacSxoI area oc its bore. 
.* = die leK^ bi cd^meoes of tiie shorter tube, and 
die sectbxszTuea \3i Ecs bore : 
iLso let W = the vecpe is zaas of tDamry fiHing die Xaog tube 
and ar = « « « ^ short „ 

then it ^ - the speiLi5c rssstaace per cencxmetre cube of the liqui 
tested, and <r = die de a s^c y of .utftmi m gnm centimetre unit 
we biTe — 

\V 

dieretbce d^e resastaace c^^^ buJiaiLe, oazaehr — 

H^rrc^ rte srtioirc :^!s;stiace *> = i^ 
T: •^r>.: :Sf xitA-r/rar. .VfjT.:L.Tr/ *. :c ±e electrolyte — 

X, = ^ .. -. - ti C. 

x. = ^ .. . .. o-^C. 

rber X -- X.. : — iJ" > 

JLTX' X = X.. : ^ xj/ 

X. : — xJ*. 

X — X. . - ^ 

x/ — X r, - *^ 

Apfiaratns^— S^rscr.'-i Txdt^vXL-:^ ^li. variometer. G : standar 

k-':v-* -^-:>rj.:"'.'x^s '. '. :rjLo> -.tjuI r,'* i-occ rccc ohms: an ac 

->cjl:.c bx" r:<:>r-L-*c:;. x. :;ci*".-x uy :? aroc: ico.coo ohms 

L :j:::;r. ?. :.^ ^-^ j j:c-^c • :(?> V/?. ciectrciydc apparatus, th 

-j_-:':::r :c :Sj rorx- ;» :>i rj:i^< ':»;l-.:^ so chosea as to give 
:-^ -'- :-: --.ssci *o: *:." w \: :. ^v-ir^ec : adeikate thermomett 
^-i _;i::-.\ >a- - ^ /. . <: r- ;^ tuyr .:-^-^vt» K., Ki; a source c 
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VMi remarks on p, 130 relating to certain precautions to be 
adopted. 

Observations,— (i) Connect up as in Fig. 60, and adjust 
llie galvanometer spot of light to ^ero (about)* Make r, = r^ 
= 2000 ohms, 

(2) Close K4, and quickly adjust R roughly, so that on pressing 
Lin there is no deflection on G approxiuuidy ; then open K,^ Ki. 
^fe (3) Keep the bath well stirred by raising the handle very 
Hpitly and slowly up and down for about 4 minutes, so as to allow 
y the electrolyte to attain the temjierature of the bath / which is 
mt noted, and Ki closed, the bridge being very rapidly adjusted 
finally by R (accurately). 

(4) l*ake out the electrodes, wash, then heat to redness, and 
ttfpiacc them in the cells, and lastly, reverse the curtenti. 
(51 Repeat (2) and (3) with the current reversed. 

(6) Repeat (4) first, and then (2} and (j) again some four 

[7) Repeat (2H6) for about six different temperatures up to 
abgut i^' C. 

(S| Repeat (2)-(6 ) for about four or five different densities of 
tt»e same electrolyte, at as nearly as possible the same temperature, 
aj^ tabulate as follows : — 



[fj '"^1 i l«>a«Ht L. — cmi. : weigbt of mtl^^^Y^ W» = g«iw, \w~ at ^^ t, 




Dtrcftiofi 
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Tdmperai- 
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electro* 
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Resistance 

of eJo^^tro- 


TeifipcTa'" 

tare 
coeflT., a. 


Speciik 
pesj^ance, 
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._^^ 





















(9^ Plot nvo curves, one having temperatures of the electro- 
ijtc as ordinates and corresponding resistances at constant density 
*s abscissa, the other liaving densities as ordinates and the corre- 
^wniling resistances (at constant temperature) as absciss^E. 

Inferences. — Mention any sources of error which might be 
mtioduced in the method, and state clearly the inferences you can 
'iraw from tlie results of the experiment 
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76. Resistance of Electrolytes 
(Kohlrau5cEi Alternating- current MethodjT 

Introduction.^ In the following method, due to Professor 

Kohlrausch, the detrimental effects due to polarisation, which teiKl 
to introduce errors in the measurement of electrolytic resistance, 
are almost eliminated* Such effects will be diminished still further 
by platinizing the electrodes (if these are not of platinum alreadyji 
and by increasing their siKe. Although the method is superior 
to any at present in use in which direct currents are used, except 
the Stroud-Henderson one, there are difficulties arising from self* 
induction and capacity which are manifest when alternating 
currents are used^ and for this reason — it is of the utmost importance 
that the bridge arms have no sclf-induction. To realize this con- 
dition more fully, a special form of bridge is usuaUy tis^d, of which 
Fig. 2IO, p, 345i shows one type* The electrolytic cell may be 
either of the form shown in Fig, 212, p* 346, or that used in th^i 
last method. In the present method we shall employ this fortn 
of balancing eel! which has been found by Drs. Stroud an<i 
Henderson to be a distinct improvement for resistances not 
greater than 1000 ohms or thereabouts, enabling dead silence to 
be obtained on the telephone, while, without the balancing eeU, 
there is usually always a feeble buzz. 

Apparatus.— Telephone, G^, for use as a galvanometer; 
two non-inductive resistances, r,, r^^ of about 1000 or 2000 ohtm 
each ] one higher adjustable resistance, R ; small induction coil, B, 
giving, say, i in, spark for producing the alternating current, and a 
small battery, ^, to excite it] electrolytic cell, Cf^j of such a siic 
as to give not more than about 1000 ohms resistance with iIk 
solution used ; key, K ; delicate thermometer graduated in -^ ; 
delicate hydrometer or chemical balance. 

N*B, — If an ordinary metre bridge is used> ^j, /> will form tlie 
stretched wire, but it is not suitable to use with the balancing cell 
In such cases one similar to Fig. j6g should be used* If possible, 
the source of alternating turrtnt B should lie removed to a di^ 
tance from the operator^ so that the noise of the " contact breaker" 
may not interfere with the hearing at the telephone. It will, for 
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ason and that of obtaining greater sensitiveness^ be an 

addttioJial help if two telephones are used in parallel, one to each 
fcr. l^de precautions (p. 130) to be adopted, 
■ Observations.— (1) Connect up as in Fig, 61, or, if the 
Ipeckl bridge (p* 345) is used, then connect as diere described* 

If i!ie present arrangement is used^ 

male r^ — r^^ and adjust R so that 

iw sound or minimufn sound is heard 

in Gt, and note the values of R and 
^^pcfiture and of rj» r,^ for reference 

^N.B.— The lest will be most 
Bnsitive when r^ and r^ are only a 
Mt greater than the value of R 
required to balance* for then the armsj 
t\ the bridge will be more nearly 
equal m resistance. Balance should then be disturbed by altering 
% and re-obtained thus two or three times, and the mean value 
Qf R noted, which will thus be more accurately equal to the 
ifeence in the resistance of C and a 

\i) Repeat (i) for four or five different teraperaturps of the 
I kith Of solution. 

il) Repeat (1 ) for four or five different densities of the san^e 
Iwiiition at as nearly as possible the same temperature, and tabulate 
I yottr results in exactly the same manner as in the last test, 

(4) Plot two curves, one having temperatures of the electrolyte 
fii^dinates and corresponding resistances (at constant density) 
I * ibscissae, the other with densities as ordi nates and resistances 
' ^ constant temperature) as abscissae. 

Inferences* — State clearly all the inferences dedudble from 
1 J'^aperiroental results. 



Fig. 61. 



77, Resistance of Electrolytes 
(Secohm meter Method). 

luction, — This method may conveniently be used when 
^Aynoii and Perry secohmmeter is available, but not an in- 
on coiL It differs slightly from either of the preceding 
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methods, owing to the employment of an alternating current in 
the arms of the bridge, produced by the secohmmeter interchanging 
the battery terminals while an ordinary aperiodic sensitive gal- 
vanometer is at the same time used, thus combining the advantages 
of the direct and alternating current methods. The precise action 
of the secohmmeter will be at once seen by reference to pp. 259 
to 262. In the present case the commutators may be set in 
the midway positions, so that the galvanometer connections are 
reversed midway between two consecutive battery reversals. The 
higher the speed, the greater the sensitiveness. 

Apparatus. — Secohmmeter complete, with means for driving 
it (Fig. 1 19, p. 261) ; batter)', B, capable of giving 30-40 volts P.D. ; 
sensitive aperiodic reflecting galvanometer, G ; electrolytic cell 
(preferably the form shown on p. 343) ; known resistances, R, ri, r, ; 
delicate thermometer and hydrometer or chemical weighing balance, 
for making up the test solution. 

Observations. — (i) Referring to Fig. 61 for Kohlrausch's 
method, dispensing with B, K, and G„ connect points A and D 
to the terminals marked "bridge" on the same side of the 
secohmmeter as those marked "galvanometer," and the points 
H and F to the remaining pair marked "bridge;" also join 
B and G to terminals marked "battery" and "galvanometer" 
resivctivoly. Adjust the galvanometer to zero (about). 

(2) Repeat precisely the observations in their order, as set 
forth in the Kohlrausch method, and answer the inferences there 
mentioned. 

Gknkkal Pkhcaitions to be used IX THE Preceding Methods. 

I fa metre bridge be used, the arms of the bridge should be 
made more equal by adding extm resistances at the ends of the 
stretched wire. 

In all cases the utmost care should be taken in thoroughly 
cleaning the electrolytic cells, tinally using distilled water, as mere 
traces of foreign substances sometimes ser\-e to completely alter 
the resistani o of the liquid tested. 

The solutions for test must be mcvde up with great care if 
the experimental results are to be co r^^3,ied with standard ones 
(riJc p. 365). 
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78, The Ballistic Galvanometer. 

In experiments on induction currents and capacity, '* transient " 

P"t)r ven* short duration ciirrentsliave to be measured. The ballistic 

galv^anomeier is a form of instrument specially adapted for the 

I measurement of such, and its action de|>ends upon the principle 

[ikt, when ihe duration of the current is very short compared 

rith the time of oscillation of its moving system (whether coil or 

agnetic needle), the total quantity Q of electricity transmitted 

f^ that current may be deduced from the first swing or ** throw '' 

Ckf the needle, due to the noagnetic impulse of the momentary 

(iirrent The term "baHistic" is apyilied to such an instrument 

from its analogy to a ballistic pendulum, in that its moving system 

sscs a large moment of inertia. In fact, on this depends die 

irhole principle of the galvanometer, namely, that the moment of 

raotia is so large that the whole quantity of electricity in the 

finsient current has passed through the coils of the galvanometer 

thit the needle begins to move. If a current A flows for a 

^ ibort interval of time df^ the latter quantity Q of electricity which 

pisses is Q = ^hdi taken between the correct limits, where A is 

[tirmble as in an induced current. 

This time- integral of the current has therefore to be measured 

h 4 Ijallistic galvanometer* Two or three forms of this type of 

Iwsimment are described on pp» 283, 285, 

yhm which we see that its moving system 

fliay be either a needle or coil. But, in 

^pJwml, any galvanometer can be used as a 

lllistic one if damping is reduced to the 

ttmost^ and the moving system weighted in 

btion so as to give a large moment of 

nia. \Ve will now consider the principle 

^the instrument more in detail. 

Let Fig. 62 represent an exaggerated 
}^ of the galvanometer needle AB when 
fely suspended, and at rest m the mag- 
"(^tic meridian XY ; let the strength of each 
^ its poles be w, and their distance apart s/, and B"* = angle 
AOA*, where A'B' is the instantaneous position of rest when 
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deflected. Draw A'C and FD perpendicular to AB. Then, if 
is the centre of rotation, and H = the horizontal intensity of the 
earth*s force, the force acting on each end of the needle tending 
to bring it back to the position AOB = Hw. But H/w has acted 
through a distance AC one end, and BD the other, 

/. the total work done against H = H///(AC -h DB) 
But AC = DB = OA - OC = /- /cos r 
= /(i - cos e) 
:. total work done = Hw(AC + DB) = Hw2/(i - cos 6^) 
, • . = HM(i « cos 0) 
where M = 2/w, the magnetic moment of the needle. 

Again, if any body or mass is rotating round a fixed axis, the 
sum of all the products obtained by multiplying the mass of each 
particle m in the body by the square of its radius r from that axis, 
is termed the mofnent of inertia I about the axis, or I = Swr*. 

If, now, G = the galvanometer constant, which depends on the 
form of its coils, etc., then the moment of the force on the 
needle produced by the current A is = MGA ; and if the current 
flows for a short time ///, 

then moment of force = MGAi// = MG^^ 
where //^ = the small quantity which flows in the time dt\ 
hence the total impulse on the needle = MGQ 
where Q = the whole quantity that passed in the discharge 

But this impulse is equal to the moment of momentum Iw of 
the needle, where oj = the angular velocity of needle ; 

. Afr^r. T MGQ 

. . MGQ = Ia>, or (o = — p-^ 

Now, the kinetic energy of the needle at starting = ilw^ and 
this must equal the total work done, namely, HM(i - cos ^)i 

Q 

which also = 2HM sin- - ; 

2 - -• p 2 J 

.-. M^G'Q^ = 4HMI sin"-^ 

2 

Hence Q = 2W - ^^ sin- 
We therefore see that, on the assumption that the discharge 
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through the galvanometer is completed before the needle moves, 

the total quantity of electricity passing is oc sin - , where Q = first 

throw of the needle. The above equation for Q can be still 
further reduced, for if T = periodic time of oscillation of the needle. 

Then F = 27r^ / -, or - = 

V MH' M 4ir2 

and substituting this value of ^, in the value for Q, we have — 

M 

This relation assumes that the earth's field H is the only con- 
trolling force tending to damp the motion of the needle, or that 
the whole kinetic energy of the needle, after the flow has ceased, 
is used in overcoming the retarding forces. Other damping may, 
however, arise from the resistance of the air, torsion of the suspen- 
sion, and any induced currents which may be generated in sur- 
rounding metal-work, if there is any. To correct for this, let 
^ = the logarithmic decrement. Then the observed sin ^ must be 
multiplied by the factor (i -f ^A) to obtain the true value, which 

sin - would have if no dampmg existed. 

TFI 
•■• Q = -r^ «'" »<'(^ + ^^> 

It should here be noted that the magnetic moment enters 
»lo the previous value of Q, and indirectly in the last formula ; 
^nce the needle should be a magnet which is least liable to 
<*ange in strength, either by the passage of too strong a discharge 
^ otherwise. 

Periodic Time of Oscillation.— The value of this will 
depend on the moment of inertia and magnetic moment of the 
'^le and on H. The latter two may vary, the magnetic moment 
&om the cause just mentioned, and H through altering the con- 
^*g magnet. Therefore T should be obtained afresh at each 
^-^periment, and may be found thus : Set the needle swinging, and 
"ote the number of seconds it takes for the spot of light to pass 
^0) moving in the same direction on two succeeding occasions. 
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This should be repeated about six times, and the mean result 
noted as the value of T. 

Napierian Logarithmic Decrement. — It has already been 
pointed out that, owing to the throw of the needle of a 
ballistic galvanometer being damped through various causes there 
mentioned, it should be multiplied by a coefficient greater than 
one, in order to give the throw which would have resulted had 
there been no damping. 

If Ai, A4, A3, A4, . . . A,, are the amplitudes of successive 

oscillations of the needle, then . =*'=*=... -1-^ is 

A4 A5 A4 A., + ,. 

A« 

called the dccrenunt, and log^ * ^ '^ termed the Napitrian 

A,« + 11 

logarithmic dccremmt X, where c is the base of the Napierian 

logarithms, and = 271828. 

Then loge , "- = , '^"'"' = ^Lii= X 

A.. + 1) logioc 0-4343 

A^ 

Any error will be a minimum when 7^ " = c = 2718. 

A„ + i 

A also = log, --, -', etc. 

If the damping is very small, A„ and A„ + , will be too nearly 
equal to allow of A being obtained accurately. In such a case we 
can proceed thus : 

Let A = amplitude of any one oscillation, and 
A„ = „ the //th oscillation after it. 

_i 

Then the decrement = f ~ j 

//-i\o-4343/ 
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79. Calibration of a Ballistic Galvanometer 

» (Vibration and Deflection Method). 
lntn><iuction,--Referrmg to the formula deduced for a 
biDistic galvanometj^r a page or two back, we found thai the 
whole quantity of electricity Q in the transient current producing 
fiist throw ff" on the galvanometer was — 



T H 



Q = ~ ^ g sin ^^(i + ^A) = K sin 1$ 



T H 



where K. ^ -n- ' G ' ' "^ ^M* ^^^ 'S th*^ ballistic galvanometer con- 
stant 

The present method consists in experimentally determining 
^t periodic lime T of vibration of the needle in seconds and 
tiic logarithmic decrement A in the manner just shown ; and, 

XT 

My, ihe value of ' by passing a steady cm^rent C through the 
G 

plvwiometer, and noting the steady deflection <^, whence 
fT^ — — -, though for small deflection - = ■ approximately. 

Apparatus.— Stop-watch; current ammeter; resistance; bat- 
Itiy; and key* 

Observations, — (i) Connect up the ammeter* resistance, key, 
^ battery in series, and adjust the galvanometer needle to zero, 

(3) Determine T and A in the way indicated on pp* 33, 34. 

(5) Send about six different currents C through the ballistic 
^^vanometer by varying the resistance, and note the correspond- 
ing st^dy deflection ^° with each. 

(4) Tabulate your results as follows :— 

V^pmddic ttme, T, = feci ; lug dec A ~ % dktadLc between igaJvancitncter 
and w»lc = scab-dt visions. 






Value of 
'ill 









136 Practical Electrical Testing. 



80. Calibration of a Ballistic Galvanometer 
(Earth -inductor Method). 

Introduction. — This method is applicable in cases where 
either the vertical or horizontal components of the earth's magnetic 
field is accurately known, and it then constitutes the simplest 
method of calibration. The principle of it is as follows : If a 
conductor, as, for example, a coil of wire of one or more turns N 
and mean area A sq. cms., placed in a magnetic field of intensity 
F, and connected to the galvanometer, be suddenly turned so as 
to cut the lines of force of that field, an E.M.F. will be induced 
which will cause a certain quantity Q of electricity to pass 
through the galvanometer, depending on the total resistance R 
of the circuit. A " throw " of the spot of light on the scale will 
result, which is a measure of the number of lines of force cut by 
the coil. 

This latter may conveniently take the form shown on p. 360, 

and if it is suitably placed and suddenly turned through I8o^ so 

as to cut one of the components of strength F, then the whole 

(juantity Q of electricity set up in the transient current produced 

2NAF B 

will be Q = , and we have Q = K sin -, where K = the 

K 2 

galvanometer constant and B = angle of first throw (in d^rees) 
< aused by the passage of Q. If tf = deflection of spot of light 
(in scale-divisions) and L = length between scale and galva- 
nometer mirror (also in scale-divisions), then d = h tan 2O, or if 
the angular displacement is small, as it always is in mirror galva- 
nometers, then sin - — very approximately. 
2 4L 

There are three ways of using the " earth inductor " in con- 
nection with cutting the earth's field, as follows : — 

(a) Horizonta! Component. — To cut this, place the inductor 
stand so that the axis of turning is vertical^ and the plane of the 
coil perpendicular to the magnetic meridian, 

iP) Vertical Component. — To cut this, place the axis of turning 
horizontal and in a line with the magnetic meridian, and the 
])lanc of the coil horizontal also. 



Practical Electrical Testing. 



137 



(y) Total Field,— To cut the whole of the earth's field, place 
the axis of turning horizontal and at right angles to the magnetic 
meridian, and the plane of the coil perpendicular to the direction 
of "dip." 

Then, in turning the coil sharply through 180® from either of 
these three positions, it will cut the particular field in question. 
It will, however, be found most convenient to employ (a) or ()3). 
The direction of the magnetic meridian can be found in the way 
indicated on pp. 13, 14. 

Apparatus. — Earth inductor, E; sensitive ballistic mirror 
galvanometer, G ; box of known resistances, r ; 
either a short-circuit key, K, or damping coil 
to bring the spot of light quickly to rest and 
save time. 

Observations. — (i) Connect up the above 
apparatus, and adjust the spot of light to zero 
on the scale, 

(2) Make the box resistance as small as 
possible, and place the earth conductor in 
position (a), so that when turned as " rapidly " as possible through 
180°, it cuts the horizontal component of the earth's magnetic 
force F. 

(3) With the spot of light absolutely at rcst^ rotate the inductor 
rapidly through 180®, and note the first throw d scale-divisions of 
the spot 

N.B.— Do this two or three times, and take the mean as being 
more accurate. 

(4) Repeat (3) for about ten different and increasing values of 
box resistance to the highest convenient. 

(5) Repeat (2)-(4), cutting the earth's other component, and 
record your results in the following manner : — 




Fig. 63. 



Earth iodoaor, ; turns, N, = ; mean area. A, = sq. cms. ; resUtance. r^, = ohms ; 
jaJ^faoometer resistance, G, = ohms ; distance between scale and mirror, L, = scale- 
divisions. 



Earth's Mean 
field fim 
cot, {throw of 
F. |spot,i/. 



Value of 
. « d 
sin -= , 
2 4L 

veryapproxa- 
mately* 



Box 

resistance, 

ohms. 



Total 

resistance, 

"+ rg + G = R. 



\r 

galvanometer, | mean 
_ g^^AF I galvano- 
'^ ~ " meter 

constant. 



10" R . sin - I 



IjjB 
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Inferences*— Show how the forraula for the constani K cm 
be deduced, and state the assumptions made, if any. Will acy 
corrections he necessary to ohtain an accurate result ? Stale in 
words what the above constant really means. 

81. Calibration of a Ballistic Galvanometer 
(Standard Solenoid Method)* 

Introduction, — As was stated in connection with the earth- 
coil method, the earth's force must be accurately knowii in order 
that tliat method shall be accurate ; but as the earth's field is liable 
to serious alteration in a room if iron girders or pipes are in the 
vicinity, the following method is often a much better one to 
employ, and is quite indei>endent of the earth's field, but entnils 
iht; accurate measurement of a current* For it we require 3 
magnetizing solenoid 3 or 4 feet long, of wire uniformly wound 
on a non-magnetic core, and having a mean sectional area 
A srj. cms, and number of turns T, both accurately known, A 
jiiKjrt search-coil of N turns is wound over the centre of this coil 
|ftnd joined to the galvanometer. If, now, C = current in atnperts 
Bent through the magnetizing coil^ the magnetizing or luagnetic 

force H at and near its centre is H = ~ C.Ci.S. units, where 

10/ 

/ = length of solenoid in centimetres between extreme end tiifm; 
and since the core is non-magnetic, this H ^ B, the magnetic in- 
duction in lines per square centimetre ; therefore the total number 

of lines enclosed by search-coil = - . Hence, if R = total 

10/ 

resistance of the search-coil circuit, we have that the total quantity 
of electricity in the transient current set up by either making or 



bn^king the magnetizing current C is Q = 



4irCTAN 



CG.S, units. 



lo'io/R 

^jcntst^fi^^^"^ ^^ ^" angular throw 0^ of the galvanometer needle. 
/||t|>aratus. — -Standard solenoid, S; batter)^ B; switch, K; 
thooittt^ Ra ; sensitive ballistic mirror galvanometer, G ; box of 
-distances, r\ either a short-circuit key, Ku or damping 
j49)p ^^^ bringing the galvanometer needle quickly tore 



/ 
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thus saving time; delicate ammeter, a^ for reading the current 
accurately. 

Observations.— (i) Connect up as in Fig. 64, and adjust G 
and a to zero. 

(2) Make r as small as possible ; dose K and adjust Rj, so as 
10 git^e a smaO current on a. 

(3) With G absolutdy at rtit^ 
open K, and note the first throw or 
defleaioa on G, namely, ^5 and the 
cum^t C amps, on a. 

(4} Damp G quickly to rest, and 
make the same current C at K, 
Repeat (3) and {4) about three times, 
and lake the mean of all the values 
of B and of C respectively on the 
jis^k^^ and break, 

(5) Repeat (2}-(4) for about 




increasmg 



SIX different and 
values of box resistance r^ noting its value at each. 

(6) Repeat (3)-(5) for about three different current strengths 
C» and tabulate your results as follows : — 



Sennli txttli ; number qf tumi, N, = ; reiutAnw, r^ ^ 

!i, G# = ^hms ; diftlance between scale and tntrrsTj L, ~ 






feMmavW 






diirlsiocift^ 



Vjilued 



Box 



I 



Totttl 
k = »- + r_ + G. 



GalvaitmnrfeT 1 Coffected 

It ^ < vanumttcr 

sin 0^ cunsiaaL 



Inferences,— What does the constant K represent, and ought 
any corrections to be applied to the equation to obtain an 
acctitate result? 



82« Calibration of a Ballistic Calvanometer 
(Standard Condenser Method)* 

Introduction^^The following " capacity method^'* for 
calibrating or determining the constunt K of a ballistic galvano- 
meter « consists in charging a condenser of {C) M*F.D,Si capacity 
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to a known potential of V volts by means of a cell of knoi^^ 
E.M.F., and then discharging the quantity Q of CV rnkrO' 
coulombs through the galvanometer, noting the " throw " producecJ- 
The galvanometer so calibrated can now be used, not only fo^ 
measuring quantities of electricity, but also for measuring magneti<^ 
fields as follows : If a coil of N turns, joined to the galvanometer, 
cuts a field of induction, it will be linked with the latter N times, 
and the throw produced will mean so much quantity in micro- 
coulombs passing through the galvanometer. In other words, 
induction X linkages = quantity x total circuit resistance. If 
the induction is measured in microwebers (i weber = lo* 
C.G.S. lines of induction), then microwebers x linkages = micro- 
coulombs X ohms. The galvanometer should have a moderately 
small logarithmic decrement A., say not greater thanio per cent. 

Apparatus. — Sensitive mirror ballistic galvanometer, g ; 
standard condenser, C, of variable known capacity ; high insulation 
charge and discharge key, K ; two or three constant cells, d, of 
known E.M.F., V, or an accurate voltmeter to 
measure the P.D/s. 

Observations. — (i) Connect up the above 
app>aratus as in Fig. 65, and adjust the spot of 
light to zero on the scale. 

(2) Insert a known capacity C in the con- 
denser box, and charge it by a known P.D^ 
V volts by pressing the key K. 

(3) With the spot of light absolutely at rest, release K, therebjr 
discharging the quantity of electricity Q = CV in the condensei' 
through .i;^. Note the first f/tro7v d divisions of the spot of light- 
Rt'i)eat two or three times, and record the mean throw. 

(4) Rei)eat (2) and (3) for ten different known capacities C, 
and tabulate your results as follows : — 




Throw i)f 
spot of 
liv;ht. ./. 



Distance between scale and mirror, L, = scale-divisions. 



Value of 



very approxi- 
mately. 



Capacity 
used, C 



' P.l). used to 
• charge, V. 



Constant of 
ealvanoineter, 

sm - 



Corrected 
mean gal- 
vanometer 
constant. 



Inferences. — State clearly the assumptions that are made in 
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the above experiment, and also what corrections, if any, would 
have to be applied to obtain an accurate result Has the method 
any particular advantages or disadvantages? State in words 
what the above galvanometer constant really means. 



83. Calibration of a Ballistic Galvanometer 
(Standard Magneto- inductor Method). 

Introduction. — ^The method is a very convenient one to 
employ when some standard inductor, such as Hibbert's (p. 358), 
is available. It, moreover, has the advantage of being independent 
of the earth's field, which, as we have seen, is in many cases an 
advantage, especially where this field is liable to variation. 

Apparatus. — Standard inductor, I ; ballistic galvanometer, G ; 
box of known resistances, r; and either a short-circuit key or 
damping coil (p. 349), with its battery and key, to bring the galva- 
nometer needle quickly to rest 

Observations. — (i) Connect up I, G, and R in simple series 
with each other, and the key (if one is used) across the terminals 
of G. Adjust the galvanometer needle to zero. 

(2) With r small enough, and the needle at rest^ slip I, and 
note the first throw d to the end of the scale, also the value of ;-. 

(3) Repeat (2), increasing r so as to get about ten different 
values of //, decreasing by about equal amounts to O. 

N.B. — Two or three throws should be taken for each value of 
fy and the mean noted as being more accurate. 

(4) Calculate the galvanometer constant K from the relation — 

K= ^^ 

io»R sin \e 

and tabukte your results as follows : — 



Staadard toductor. ; turns, N,— ; resistance, rg,= ohms; total flux cut, F,= C.G.S. lines. 
^^' resistance, G, = ohms ; distance between scale and mirror, L, = scale-divisions. 



Mean fint 
tbrov, </. 



Value of 
. « d 
sm -=-, 

approxiiDatejy. 



Box 

resistance, r 
ohms. 



Galvanometer i ^ 
— . . constant Corrected 

To^l resistance, | constant | ^^^^ ^^^ 

R — r + r^ + Cf. j K — — - I vanometer 

xp'R sin - ' constant. 



Ltr 



/Vjt:iL"j/ Elictriad Testing, 



\^ 



^CDt in vords vbat the above constant really 
£=T wcnacoocK neoessanr in the formula to make 



rrcTttct? 



frk SUuidardization of Standard Mas^neto- 
inductor ^Capacity Method). 



. — It will be evident, on considering the pre- 
oicirii: :=x-r»isw ihii Ji sGLadard indiictor can be calibrated by 
cociiiirbsoc: tcoex w::h J sxandird solenoid, condenser, or earth 
coil Tbe rcxs^:: raedxxi is chosen as an example of the mode 
o« j rvvx^iurt\ ^<vuus<^ :: is easily manipulated and independent oi 

Apparatus. — Scaadarvi induaor to be tested, I; sensitive 
la'l:<c:c pa!\:ano^r.ieicr. G: standard condenser, C (p. 354); box 
of kno«k-n resiscarvtns. «- ; battery, R of known E.M.F., or, if this 
:< unknown, a su:>diid ^x>ltmeter to measure the P.D. ; two-way 
siring ui:i:ni:-i;^Y. K 1x327^: ordinary spring tapping-key, K^; 
camping coil (p. 349) ij\-ith its cell and 
CIL^ ^_^^^ / » key. 
/^' ^^ ^ Observations.— (r) Connect up as 

in Fiji. 66, and adjust the galvanometer 
needle to zero. 

« 2 ) K r and K2 being open, adjust r 
to a low >-alue, such that pressing K» 
nearly a full-scale throw //, is obtained on 
siij pine on 1. Note this value of d^ an<^ 
the box resistance r ohms. 
(3* K; b^^ing ojvn, ao;ust the cajxicity C to such a value thx*-^ 
on ch^sinL; K2 for 1 or 3 seconds, then opening it, and it^' 
mediately closing Ki. a first throw d^ is obtained on discharging 
r, as nearly as p<^ssible equal to the former. 

N.D. — Two or three throws should be taken in both (-^/ 
and (3), and the means noted as being more accurate. 

(4) Repeat (2) and (3) for about ten different decreasing paiX^ 
of throws by altering r and C. 
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(5) Calculate the total magnetic flux in the air-gap of the 
mductor from the relation — 

^, looCVR d, ^^^ ,. 
p = • CG.S. lines 

N a^^ 

Tabulate as follows : — 

Standard inductor, ; turns, N, = ; resistance, r^, = ohms. 

Galvanometer resistance, G, = ohms ; P.D. used, V, = volts. 



Mean first throws. 



Resistance in ohms. I rgnacitv 

— j in micro- 

In box, ' Total, j farads, C. 

r. I R = r + r^ + G. I 



P.D. if 

variable, V. 



Total 
flux, F. 



Mean 
flux. 



Inferences. — Show how the relation given in (5) can be 
obtained, and state any assumptions made in obtaining it. Is any 
correction required for high accuracy in the relation for F ? 



85. Determination of the Relative Induc- 
tivities of Materials 
(Induction Balance Method). 

Introduction. — The form of induction balance which will be 
used in the following tests is the one introduced by Hughes, a 
teription of which will be found on p. 356. The extreme 
sensitiveness of the induction balance to minute differences of 
electric conductivity and magnetic permeability enable a very 
interesting and instructive series of observations to be carried out. 
Fhe relative effects and inductivities will be determined by what 
'e may term the " zero " telephone method, i,t\ by balancing each 
niaterial in the same way and against the same arrangement, so 
that no smnd occurs in the telephones. 

Apparatus. — Hughes' induction balance complete, with two 
telephones, battery, interrupter, and materials to be experimented 
«pon. 

Observations. — (i) Connect the two telephones in parallel, 
^ across the two terminals of the secondary coils marked S. 
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Join the two terminals of the primary coils marked P in simple 
series with the battery and interrupter, which should be placed 
as far away from the balance as possible, so as not to interfere 
with the hearing at the telephones. A long length of flexible 
twin electric lighting lead should be used for the purpose. Wind 
the interrupter up if fiecessary, but fwt to t)u full extent^ so as not 
to oz'Cfunnd it 

(2) Start the interrupter, by turning the lever controlling its 
clockwork, place a telephone to each ear, and with no metal in 
or near the coils of the balance, adjust the small ivory set screw 
which raises or lowers the top right-hand coil until tw sound 
is heard in the telephones. The balance is now adjusted to 
" zeror 

(3) Place the metal wedge with its attached millimetre scale 
between the guides of the left-hand top coil and a wooden cup in 
the other top coil. Insert one of the discs, all of which are of the 
same diameter and thickness, in the cup. Now slowly slide the 
metal wedge along the guides until just no sound is heard in 
the telephones. Note the scale-reading d^„ and then slide the 
wedge further on, and gradually bring it back until again no soun<i 
is heard ; note the scale-reading d^ and the ffwtal used. 

(4) Repeat (3) for each of the metals provided, noting whetherr 
the same kind of sound occurs in each case, and tabulate ^^ 
follows : — 



Metal tested. 



'h. 



Meap, 



N.B. — If the arrangement is not sufficiently sensitive, increase 
the battery power. It will be observed that each metal disc bein^ 
balanced against the same zinc wedge, the scale-readings will giv^ 
a measure of the disturbing effects of these materials. 

(5) Replace the wooden cup by the coil of insulated wire an^ 
remove the wedge, and note the effect, {a) when the ends of iV^^ 
coil are ''frce^' (b) when they are joined together. 

(6) Again insert the cup, and note the effect, {c) when a dis<^ 
of non-magnetic material, (d) when one of magnetic material, i^ 
inserted with its plane perpendicular to that of the coils. 

(7) Insert the two plugs, containing iron wires, in the two cup^ 
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iced in the resi>ective secondaries, and move the one which ha^i 
00 handle attached 10 it up and down until no sound is heard 
in the telephones. Note the effect of slightly twisting the other 
wire by means of the handle* 

Iflferences. — State very clearly all the inferences which you 
Utti^educe from the results of the preceding experiments, 
^^^ting the causes of the various phenomena observed. 



i 



86, Magnetic Permeability and Hysteresis 
(Absolute and Comparative Measurements), 

Inlmductory. — Before proceeding to the actual methods of 
measuring the various magnetic properties of materials, it may be 
advisable to first give a brief rhumt on some of the principles 
tmderlying such determinations* 

Every magnet \% surrounded by or sets up a magnetic field 
com^xjsed of lines of magnetic force^ and the intensity of the 
magnetic field at any point can be measured by the number of 
\mstA force passing through a square centimetre of surface placed 
across the field* If a magnetic pole is surrounded by a sphere 
of unit radius, and therefore containing ^tt sq. cms, of surface, 
there will be 4a- lines of force emanating from the pole if of unit 
length. In other words, there will be one line of force per 
*^uare centimetre, which represents unit field* 

Thus a magnet of pole strength m has ^irn lines of force 
emanating from it, A uniformly wound solenoid of « turns per 
unii length and carrying a current A, will therefore exert a 
"^petic force = ^w{kn). Suppose now we have a straight bar 
^ kngth / cms. and section s sq. cms., uniformly magnetized 
^ possessing a pole strength m. Then M = mi is called its 

-. ' , .^ ,, . , . M mi m ^ 

'I'apetic moment; and if V = its volume, then^ = — = ^ I 

^ ^e intensity of magnetization of the ban And further, if this is 
Muced by a magnetic field or magnetising force of intensity H, 

^n - is termed the susceptibility K or coefficient of magneii- 
11 



ation. 




Again, let B stand for the magnetic induction or mimder 
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0/ lines offmre per square centimetre in the Mr. Then B = 

+ H, and the ratio between the magnetiKing force H and the 

internal induction which it produces in the bar is called the 

B M 



magnetic permeability pL of the materiaL Thus ^ = 



H 



The permeability of any magnetic material is therefore a 
property which it possesses, in virtue of which a given magnetiitng 
force is able to produce a certain magiietic induction in the 
materiaL A certain magnetizing force is unable to produce tbe 
same magnitude of induction in different materials having tlie same 
size and form. This is owing to one material being mox^ pty^mcabk, 
or offering greater facilities to the passage of magnetic lines of 
force through it, than the other, consequently, ahhough the same 
number of lines are generated by the force in each case, they «il) 
gather up in and flow through that material which has the greater 
permeability, in larger numbers than in the other. For cores 
of air or non-magnetic materials, B oc H directly, fx being = r 
approximately. The dimensions of either H, B, or 1 are of (he 
force (mass)* 



pole strength* (length)* 



The methods for 



X (time)' 
measuring permeability may be classified as follows : 

A, Magnetoraetric or steady deflection methods. 

B» Balance or null deflection methods, applicable to com- 
parative tests of two or more samples of material, 

C. Ballistic or inductive mediods* 

D. Traction methods, 

E. Optical methods, whidi are suited for measuring the per- 
meability in intense magnetic fields. 

In the following pages we shall only consider methods A, R j 
and C, and these we may now^ proceed with. 



87* Measurement of Magnetic Permeability j 
(Magnetometer Method), 

Introduction. —This method, which is very generally associated 
now with the name of Professor Ewing, who has employed it iR * 
large amount of research work in magnetism undertakeo by ^^ 
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one in which the magnetic qualities to be measured are deduced 

from the steady deflections of a suitable magnetometer needle, 

afTected by the specimen to be tested. It is only applicable to 

long straight rods of the material for the following reasons, 

When a rod of magnetic material is uniformly wound with insulated 

wire and magnetized by a current sent through the coil, it develops 

fret mdgndism and definite x>olarity at its ends, which exerts a 

demagncti/jng influence or force, opposing the main magnetizing 

force due to the coiL This effect becomes less marked as the 

rod is longer, owing to the ends, in which the free magnetism 

chiefiy resides, being too far away from the middle regions to 

ilfiect the magnetic force there^ If the rod is very long (300 to 

diameters), the magnetization will be practically uniform 

llhroughout a considerable portion of its middle region, though 

[Ming off towards the ends. In such cases no correction, i.e. 

^deduction, need be applied to the magnetizing forcL^, as calculated 

\ tk ordinary w^ay from the current-turns, in order to obtain the 

actual magnetisfiing force producing a given induction. Hence 

the importance of using long straight rods. We must now see 

that the numerical value is of the correction to be applied when 

L ihje ro<3 is not long enough to neglect the demagnetizing action of 

its emis. The correction may be obtained approximately by 

beating the long cylindrical rod as a very long ellipsoid* Thus, 

[ if w is a number depending on the relation of the length of the 

ellipsoid to its transverse dimensions, and if H = the efftxtivt 

rmagnetizing force producing an induction B, and Hi == the total 

magnetizing force as would be obtained from the ampere turns in 

I ibe usual way^ and I - intensity of magnetization^ 

B — H 

iherc I ^ — . , and if the material is very permeable to mag- 

[aetic lines of force, E will be large compared with H. 

■p 
Hence I will — — very approximately 

and therefore H ^ H^ - - . B very^ approximately 

llie following table gives a few values of // and - , w*orked 
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out by Professor Ewing, for different ratios of length to breadth 
in ellipsoids : — 



Table V. 



Length 




n 


Breadth 




4» 


50 


OOI817 


0*001446 


100 


000540 


0000430 


200 


0-00157 


0*000125 


300 


0*00075 


o'oooo6o 


400 


000045 


0000037 


500 


000030 


0000024 



Hence, if our long straight rod of circular section was 300 
diameters long, the effective magnetizing force H = H, — o*oooo6 . B 
approximately. We therefore see that even if B were carried 
up to 20,000 C.G.S. lines, the above deduction would be only 1*2 
when the rod was 300 diameters long. 

Another interesting phenomenon is that in connection with 
unclosed cores or rods of magnetic material. When a magnetizing 
force is removed, the residual magnetism still left in is partly 
or wholly annihilated by some force at or near the ends of the 
specimen. Long rods show this in a much more marked d^;ree 
than short ones, and, if long enough, completely demagnetize 
themselves. 

Another effect, known as "magnetic lag," or "creeping," is 
jvirticularly noticeable in some specimens. It consists in a gradual 
( reeping up of the magnetization after the particular magnetizing 
force has been apj^lied. This is more apparent as the rod or 
s|)c(imen is thicker, and is especially so in the case of unannealed 
and hard materials, when the full induction may not be obtained 
for several seconds, and even minutes, after application of the 
magnetizing force. In such cases the magnetometer method is 
the only available one for use in order to obtain accurate results. 

There are three modes of ]irocedure available in performing 
this method, depending respectively on the relative positions in 
which the specimen, with its magnetizing coil, is placed with r^ard 
to the magnetometer needle when unaffected by external mag- 
netism, and therefore at rest in the magnetic meridian. These we 
shall now consider, and call A, B, and C. 
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A. Position of Specimen. — This is shown in plan symboli- 
cally in Fig. 67, and is known commonly as the " A. position of 
Gauss^ RR is the magnetic Rj y^ 

meridian of the earth, XY the ^j-^^i-^fr 

magnetometer bench, NS the ^y— ♦ NEIZZIEHZI36-- y 

specimen and its solenoid, ns -iHt^.J^ *—'Zl — ♦ 

the magnetometer needle. Thus h^ j^ ^ \ 

it is seen that the magnetic axis R' 

of the solenoid NS is perpen- ^^^* ^7- 

dicular to the magnetic meridian, passes through the centre of 

the needle //j, and lies in a horizontal plane. 

If V = the volimie in cubic centimetres of the specimen, 
H, = magnetizing force of the solenoid, 
Hg = the horizontal component of the earth's magnetic force 
at the needle, 
and ^ = the steady angular deflection of the needle for the 
position shown and some particular ^^ 

magnetizing force H,, then — ^j 




The penneability of \ _ ^^{iP -^ 1^)11^ ^ tan^ 
the specimen /a | \2d H 

B. Position of Specimen.^ — This is shown in 
plan symbolically in Fig. 68, and is known as the 
" B. position of Gauss r The .lettering corresponds 
»ith that of the various details of the previous ^ j 
figure, and need not again be explained. -^.„ p-r:J7rT^ .. 

Here it will be observed that the magnetic J*- ^^ -^ 

ixisof the solenoid NS is still perpendicular to the v 

Jnagnetic meridian RR, and lies in a horizontal 1 

pJane passing through the needle, but the axis does \ 

not pass through the needle. We now have — ^'°- ^^• 

Tk u-i. r ,. . 4^(^ + /')'Hk tan ^ ^ 

*iie permeability of the specimen /a = - ^„ +1 

C. Position of Specimen. — This is shown partly hi plan and 
partly in perspective symbolically in Fig. 69, and is known as the 
'' <^-pole position " It will be seen that now the magnetic axis of 
fe solenoid NS is vertical, but does not cut the needle, also that 
^e line joining the needle-centre and upper pole of NS is per- 
pendicular to the magnetic meridian RR. 
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If D = distance between needle-centre and lower pole, 

^ = „ „ „ upper pole, then— 

r«. ,-1. e 1 4irHBtan^ 
The permeability of the specimen fi = • 



where S = cross-sectional area of the rod in square centi- 
metres, 
and Ve = vertical component of the earth's magnetic force at 
the place where the test is formed, and = Hg tan ^, 
where <^ = " angle of dip " at that place. 
\Ve thus see that in this magnetometer method either Hi or 
Vg, or both, must be accurately known, and the test ought to be 
• . . performed in a room in which 

|R "1 there are no iron pipes or 

I ^ Ijj girders, etc., as such may 

-Y-— 1^ J_ ii_. seriously affect the values of 



•R 



; ■ those earth components, the 
first of which directs or con- 
trols the needle, and the 
1^*G. 69. latter the value of the effec- 

tive magnetizing force. Hence for accurate work it is important 
to determine these components just before an experiment at 
the place where the magnetometer is used. This can be most 
easily accomplished as follows : Place a small magnetic needle 
in the stirrup of the instrument shown on p. 335, which must 
be placed where the magnetometer is to stand. Now give 
the needle a motion of rotation (about 10° or 15° of arc) by 
bringing a magnet near it, which must then be taken right 
away. Count and note the time T taken for, say, twenty complete 
oscillations, each being counted from one middle position of a 
swing to the next but one, when the needle is again moving in 
the same direction. Thus the i)eriodic time of oscillation will be 

seconds = /, say. Next, take the instrument to a part where 

the earth's field He' cannot be affected, taking care not to jar the 
needle in removing, again note the periodic time 4 in a similar 
manner as before. Then, since the respective field intensities 
are inversely proportional to the square of the periodic times 
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for the same needle, we have^ if Hr ^ fidd at the magneto- 
meter — 

^^ H,t = ^ He , 

tm value to use in the equations. 

In the preceding formulcc the angular deflection ^ is assumed 

to be that due to the specimen alone. In order that this may be 

the case, a compensating coil, consisting of a few turns of wire on 

a wooden bobbin, is connected in series with the main solenoid, 

and is so placed that when a fairly strong current is sent through 

i^)oth, fw diyffi'imi of the magnetometer needle occurs. This is 

^Bbe best way, but if no compensating coll is used, the effect of 

Htte solenoid alone can be allowed for by noting the deflection 

rf produced by it for some given value of current A'. Then the 



I Reflection $^ for any other current A would be ( 77^' ) • Hence 
mthe formulae we should use (tan ^ — tan .,^J instead of tan 0^ 

Since the angular motion of the needle is small we have tan $ 

ft 

^ fi simply ec --, where a = scale-deflection and L = distance 

from mirror to scale in such divisions. When the method employs 
petition C. of the solenoid, the vertical component of the earth's 
kW will aflTect the total effective value of the magnetising 
te on the specimen. This can be got over by sending a 
coostant current from a separate source through a small coil 

I totmt! over the solenoid, of such a strength as will neutralise V^. 

'This should be done after the specimen is completely demagnetized 
^ in position inside the solenoid, the neutralization being 
efeed when no deflection of the needle out of the meridian 
occBTs, The demagnetization of the specimen can be effected by 
iltemating a direct current from its maximum value to O, either 
fcj means of a suitable commutator or one of those on an Ayrton 
^ PerT)' secohm meter. 

An ordinary alternating current of fairly high frequency willj 
*^^n feduced to O, do equally as well* 

Ftoin the preceding we therefore see that, though the mag- 
'^ctoeter method is capable of giving ver>* accurate results, 



152 Practical Electrical Testing. 

considerable care and some corrections must be applied to obtain 
such. 

If T = the number of turns on the magnetizing coil, 
/ = its total length between the extreme ends, 
and A = current in amperes flowing through it, then — 

4wAT 
The magnetizing force = - , = H, = M^A 

where M^ = — -. = a constant ; and circumstances, as mentioned 

above, must decide whether this is the effective value. 

Apparatus. — Delicate magnetometer, bench, and clamp, 
or sliding-table to hold the specimen and solenoid (p. 337); 
reversing key, K; suitable secondary battery, B, to supply the 
magnetizing current (p. 337); one DanielFs cell, ^, or other 
constant E.M.F., together with a resistance box, r, for maintaining 
a constant current through the compensating coil, C ; sensitive 
ammeter, A, for measuring the magnetizing current ; and a rheostat, 
R, for controlling the latter (p. 310); the specimen, SS, either 
wound with turns of insulated wire from end to end or contained 
in the centre of a long solenoid, whose length is about a third 
again as great as the specimen, which latter may be 300 to 400 
diameters long ; this arrangement will ensure the material being 

very uniformly magnetized. 
/ _ \Ve shall here choose the C- 

position of solenoid as less 
liable to error from the shiftir^g 
of the poles P slightly f<>r 
various magnetizations. THis 
usually occurs, but it woul<^ 
alter tan B infinitely less tb^^ 
with positions A and B. 

Observations.— (i) Con- 
nect up as in Fig. 70, adju^^ 
the magnetometer and ammetei" 
A to zero, and use either t\vin 
flexible wire for connections 



X 



S 




Fig. 70. 



as indicated, or run the leads in pairs close together so that tb^^ 
may not affect the magnetometer ns. 

(2) Make a preliminary test to ensure only a full-sciJ-^^ 
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deflection with the maximum magnetization to be used, by setting 
SS at some convenient distance from ns; then, without any 
specimen inside, send a fairly strong current through SS and C, 
altering the distance of C to give no deflection. If now, on 
sending the maximum current with the specimen in position, the 
deflection is off* the scale, move SS further away, and repeat until 
the spot of light keeps on the scale. 

(3) With this current still flowing, and the centres of SS and 
specimen coinciding, raise and lower SS until the deflection is a 
maximum, and then fix SS in this position. The upper pole P 
will now be level with ns. 

(4) Completely demagnetize the specimen in position. 

(5) Carefully balance the vertical component by ^, r, and coil Cj. 

(6) With K open, make R a maximum, and close K, adjusting 
the current to its lowest value. Note the current A amps, and 
scale^leflection a. 

(7) Raise the current step by step so as to obtain about fifteen 
different deflections, rising by about equal increments after the 
first two or three, which should be small, to the maximum, and note 
the value of A and a at each. 

Note. — Sufficient time must be allowed the magnetization to 
assume or creep up to its final steady value, corresponding to A 
at each step prior to reading A and a. 

(8) Calculate the values of B, H, and /i from the preceding 
formulae, and tabulate your results as follows : — 



Material, tested, ; length = cms. ; diameter = cm. : ^.^ ^^^^^ = 

SotoKMd, ; length, /, = cms. ; My = ; sectional area of specimen, S, = 
D= ;rf=: -" cms.;H„= ; V, = 



Sign of 



Distance, ^L, = scale-divisions ; magnetizing turns, T, = 



^"5*'*'MH, = M,A. 



Effective Scalc-dc- oo _ " 

value, H. flection, a. ^*" '^ — ^f 



(9) Plot two curves, one with B as ordinates and H as ab- 
scissse, the other with /a as ordinates and B as abscissae. 

Inferences. — Prove the formulae for /x given in the intro- 
duction, and state any assumptions made in obtaining them. State 
clearly all the inferences which you can draw from the results of 
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88. Measurement of Magnetic Permeability 
(Ring Baltistic Method). 

IntriHliictioii.— It has been pointed out in connectioD with 
the magnetometer method that prejudicml effects, due to the 
demagnetizing action of the ends of a straight bar on the oiag* 
neti^ing force at its central regionj are introduced, and must be 
corrected for unless the bar is very long compared with its 
diameter. This action ceases to exist when the bar takes the 
form of a circular continuous or " endless " ring, whose acticms 
therefore in this resiiect approximate to those of a long straight 
bar. Such a ring possesses no free magnetism— in other words, 
is non-polar — and if completely overwound uniformly with a 
magnetizing coil, allows none of the magnetic lines to leave ^ 
iron. The magnetic force, however, is not quite uniform ihroagbr 
out, being greatest at the inner periphery of the ring, and decreasing 
with increase of diameter, /.^. length of periphery* This is due 
to two causes \ first, the propensity which every magnetic fidd 
has of finding the shortest path of least resistance \ and secondly^ 
owing to the magnetizing force proportional to the number of turns 
per centimetre length being greater at the inner periphery than 
the outer, for manifestly if r, and r^ be the radii of these from the 
centre of the ring, // the total number of magnetizing turns, and A 
the current flowing through them, the magnetic force wiU vm^ 

which will be a minimum when n 



4irA/? 47rA/i 
from to , 



prac- 



tically = ^3. Thus the iron should have a small radial thickness 
compared with f\ and /j, and for this reason may preferably be of 
the form of a fairly thin short cylinder rather than having either a 
circular or square cross-section. This method is the only one by 
which we are able to test the magnetic quality of a ring, and when 
applied to such, it serves to measure sudden changes of magneiistn 
only, due to sudden alterations in the strength of the magnetizing 
current 

The principle of the method consists in determining any 
sudden change in magnetic induction by measuring the quantity 
of electricity in the transient current induced in a smrch-mi 
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H over the usual magnetizing coil of the specimen to be tested. 
The ihrotv produced on the galvanometer by any sudden change 
in niagnetism, due either to making or breaking the current, 
Increasing or decreasing it by steps, or reversing it, will be pro- 
portional to the whole quantity of electricity which ixasses in the 
transient current, and hence to the change of magnetic induction 
within the coiL If the search-coil of Na turns encloses a total 
number of hnes N of induction and ^N = any sudden change 
which this undergoes, then, if Ra = total resistance in ohms of 
the circuit in which the search-coil is phced, the galvanometer 
tkrmv di scale-divisions = whole quantity of electricity in the 

temsieni current = j^ , The value of this can be found by 

observing the throw produced by a known change of induction 
due to an earth inductor of Nj turns, area A, sq. cms., cutting 
% &dd of strength F. If Ri now = total resistance in ohms of 
the whole circuit (inductor included), the whole quantity of 
aNjAjF 

% 

divirions 

NsSN ^ 3N,A,F 



transient current ^ 



corresponding to a throw d^ scale- 



Hence 



'A 



If the earth inductor is kept continuously in circuit, the resistance 
of the rest of which remains unaltered. 



then R, ^ R^ and SN ^ 



2N,A,F 4 

n; " * d. 



\\u^ number of magnetizing turns, r = mean radius of ring, 
thai mean value of the magnetising force per ampere of current 

M, ^ - in C.G.S, units. Again, if A = sectional area of 

the iron ring in square cent! met res, and the resistance of the 

iccofidary circuit is constant all through the experiment, also the 

corteciions for air-space within the coils negligible, then the change 

of induction per square centimetre in the iron corresponding to 

2N,A,F ^ 

= B„ say. 



one scale-division of ballistic throw = 



To 



rfiNsAs 

pfOTt: that the damping etfect is not large enough to prevent the 
tiiroirs being proportional to the changes of induction, send 
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successively increasing currents through the magnetizing coils, 
and see whether the throws vary directly with the current when 
the circuit is broken. 

In all cases the search-coil should have a small axial length, 
and, generally speaking, should be placed where the magnetization 
is most uniform, though in rings it may practically be at any part. 
It should be wound as close to the iron as possible, and may 
preferably be ftcxt to it when the ring is built up for permanent 
use (p. 349). If, however, the search-coil is wound outside the 
magnetizing coil, and its area includes any sensible air-space 
between the iron and its turns, or, which is equivalent, copper 
space, the following correction must be applied. Let A, = mean 
area of the magnetizing coil and H = magnetizing force. Then 
(A3 - Aa)!! lines of force are enclosed in this intermediate 
equivalent air-space. 

Hence we shall now have — 

This ballistic method can be carried out in one of three ways. 

A. Step /'v s/i'/*, consisting in increasing the magnetizing current 
progressively in steps from zero to the maximum without ever 
breaking it ; then the throw produced by suddenly increasing the 
current by a step from, say, A^ to A„ or A, to A,, etc., will be 
proportional to the change of induction within the coil. The 
harder the material the smaller should the steps be, especially 
just at first, in order to nullify as much as possible any magnetic 
creeping in the specimen which tends to diminish the throws, which 
ought really to represent the true integral change of induction for 
that i^rticular step in the current. Since the total effect is given 
by the cumulative eft'ects of the several throws, any error made in 
one of these will be carried forward to the end ; hence care should 
be taken to ensure each being correct 

B. Jfalr and Braii, Here the current is increased or 
diminished by suitable degrees, but the throw is taken at each 
both by making and breaking, and the mean throw recorded. It 
will thus be evident that this mode of procedure would give 
considerably less accurate results with harder specimens than the 
last. 
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C M€t^sais. in which the current is increased or diminished 

by suitable aniounls at a lime, and the throw taken on reversing 

ihc cuirent at each, the actual magnetization being then pro- 

portiotial to hnif the thrmv approximately, the resUiuai magnetism 

It each stage of the process being oc ^ effect of revenMd - ballistic 

effect of breaking the current* 

|k Appftratus-— Earth inductor, K; sensitive ballistic mirror 

Hplvanometer, G, having a periodic time of oscillation of at 

l«ast 5 sees.; resistance box, r\ damping coil or short<;ircuit 

k«!y, K; dead-beat accurate ammeter, A; battery, h (p, 337) j 

rnniinuously \*ariable rheosLit, R ; key, K, ; reversing switch. 

S; ring of magnetic material, M, to be tested, wound evenly 

LAli over with magnetizing coils, //;, and a narrow search-coilj C 

HP- 349)* 

^V C. Reversals. 

^V Observations- — (i) Connect up as showTi in Fig* 71, and 
odjtisi the spot of light to xero. Completely demagnetize the 
specimen ri ng^ either by a 
gudually diminishing ordinary 
altematlng current of fairly high 
L frequency or by a rapidly re- 
liCTied direct current obtained 
using a suitable com- 
on This should be done 
first adjusting r, so that 
then the maximum current is 
cvmed, only a full-scale throw 
produced. 

{%) Adjust R so as to get 
Irrry small current A. If the galvanometer needle is absolutely 
I rest, close K, and then suddenly reva^sc S, noting the throw d 
Lid-divisions, Release K. 

(5) Note the throw d^ scale-divisions on brmking circuit at 
.with the same current strength as was reversed in 1,3). 
\st) Repeat (3) ^nA (3) for about fifteen continuously in- 
siTig values of A up to that necessary for maximum saturation* 
N,B, — At least two throws should be taken at each current* 
nwan noted in each case, 
ibiibie your results as follows : — 
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Ni = ; Ai = sq. cms. ; F = C.G.S. units ; mean earth inductor throw, d^ = 
N2 = ; A2 = „ : 



Amps., , jT _ 



■Jf*- !H = AM^' d. ki, d<i. 



Bi. 



«, = \ r=. cms. 


B=+^,. ^*^"j5^«^IRi. R2. 


B 


i 





% 1 = 



B-H 



(5) Plot two curves having H as abscissae and B and B^ 
as ordinates, also one with /n as ordinates and B as abscissae. 

Inferences. — State clearly all the inferences which you can 
draw from the results of the above experiment. What corrections 
ought to be applied to H and B to obtain an accurate result ? 



89. Measurement of Magnetic Permeability 
(Rod and Yoke Ballistic Method). 

Introduction. — The method, which was devised by Dr. 
Hopkinson, is a convenient and fairly accurate one for testing the 

magnetic properties of tolerably 
short straight bars. It enables 
the condition of endlessness to 
be approximated to, thereby 
avoiding the prejudicial effects 
of the ends of the specimen. 

The rod R to be tested just 
passes freely through one end D 
^ of a massive yoke or block of 
soft annealed wrought iron I, 
the cross-section of which is 
many times greater than that of 
R. In the present case, the 
lower end of R butts against 
that of I, and the two surfaces 
thus in contact are extremely 
carefully faced so as to be quite 
plane, and make the best contact 




Fig. 72. 



possible. R may, however, pass through the lower end of I as at D. 
R slips through aflat search-coil CC capable of sliding between guides 
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frame fixed to the block at H, and also through 
tie nmgnettzing coil M, which practically extends the whole 
sogth of I inside* Thus the conductivity of I being so much 
>€tter than R, keeps the magnetic field solely to the iron path, 
nilh the result that there is practically no free magnetism at 
D or H, and therefore no demagnetizing action due to such. 
Smp springs fixed to I and attached loosely to CC ; spring the 
lAttex out of the influence of M when R is raised sufficiently 
high. The arrangement is shown in Fig, 227, p, 357. It may 
be noted that there is a thin fibre of air-gap at H and D ; and 
owing to the effective area of the junction being smaller than that 
of the yoke, small errors may arise from this cause. This 
BvetiiCKi is not very suitable for determining the hysteresis of the 
specimen R. 

A steel pin, //, passes through the upjxfr end of the rod R 

for the purpose of obtaining a hold so as to withdraw it when any 

particular magnetizing force is applied. The search-coil need not 

be more than half a centimetre thick ; hence, if magnetizing coil 

M was 20 cms- long, the uniformity of R*s magnetisation need not 

k seriously affected. In fact, the contact at H, however good, is 

brmoFC likely to affect this* It will be necessary to allow for 

ik eftect due to the difference between the mean area of CC and 

^t sectional area of the rod Rj in the manner indicated in the 

[im!eding "ring method,'* 

If / ^ length of magnetising coil of // turns, tlien the mag- 

odidn| force at the centre will be = —. C*G,S, units per ampere 

rfconenl. 

%ain, if B = the magnetic induction in the rod in C*G,S. units, 
Ai = the cross-sectional area of the rod, then BA^ ^ the total 
ction or magnetic flux in the rod ; hence, if Rg = the total 
stance of the search-coil circuit* and N^ = the number of turns 
itbecoiljthen^ on lifting R up so as to let CC fly out, the throw d^^ on 
! pifanometer will be proportional to the whole quantity of elec- 

BA,N, 

method we see that the throw d^ from the earth^coU will 



aty in the transient current, and will = 



and from the 



~-i-^i Hence, if A^ = mean area of CC, we have, as before. 
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the induction per square centimetre in the iron per scale- 
division — 

The method can be applied in four ways : A, " Step by step ; " 
B, " make and break ; " C, reversals ; D, detaching R and allow- 
ing the coil CC to spring out, the magnetizing current at the moment 
now being steady. 

Fig. 72 shows a sketch of the connections and apparatus, 
which is exactly similar and lettered the same as that of the 
preceding ring method. The student should now carry out a test 
on a specimen precisely as indicated in this ring method, tabu- 
lating results as shown there. 



90. Determination of the Relative Magnetic 
Qualities of Different Samples of Mag- 
netic Material. 

Introduction. — The tests may be conveniently and rapidly 
made by means of Hughes' magnetometer balance, which consists 
t)f ii magnetizing solenoid S,„ and its compensating solenoid S, 
placed, one on each side of a magnetic needle «j, and with their 
uxi's in one horizontal line with the needle. S^., which is connected 
up in opposing series with S„„ can be moved towards or away from 
niy and clamped in such a position that its magnetic effect on w 
i'\ai'tly neutralizes that of S„. alone without any core. This being 
iliMH! for one current, it will be true for any other current strength* 
\\ a turrcnt is flowing through S,„ and S^, and a magnetic sample 
IS inserted in the former, the needle will be deflected, but can be 
l»uni^ht back to its zero position again by turning the controlling 
iiia>;nct C,„. If the distance between the centres of C« and 
us — J '3 times the length of C,„ (about), then the magnetic 

V iivv I \m the needle is proportional to tlie angle through which 

V lias luen turned from the vertical in order to bring «J back 
Ui k\k\ and also to the magnetic force exerted by the specimen. 
I lir. Ih luu- lor angles not exceeding 60"^. The method we there- 
lou li^v' consists in balancing each specimen against the same 
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permanent magnet, and being a " zero " one, enables ver)' fair 
results to be obtained. Two important tests can be made on 
specimens, viz. that of finding — (a) the relative amounts of mag- 
netism induced for equal currents ; (^p) the relative loss in different 
samples due to magnetic hysteresis on taking them through a 
complete cycle of magnetization. 

Apparatus. — The magnetic balance (p. 355) ; two or three 
secondary cells, B (p. 337) ; ammeter, A ; carbon rheostat, R 
(p. 307) ; reversing switch, S (p. 330). 

Observations a. — (i) Carefully level the balance so that 
« swings quite freely. Connect up as shown in Fig. 73, adjust 
the pointer of A to zero, and unscrew R. 




Fig. 73. • 

(2) Close S, and adjust R so as to pass a convenient current 
{say I amp.) through S^ and S^ ; then, with C« at O, move S^ so as 
to make the images of the fixed object-pin in the fixed and 
oovable mirrors coincide, clamp S^, and 11s is then in its zero 
position. 

(3) Adjust the current to o'l amp. Take a specimen, and 
^gnetize it as much as possible ; then insert in S^. 

(4) Turn C« so as to bring ns back to zero position. Note 
fe deflection D of C« and the current A amps. 

(5) Carefully increase A to just 0*2 amp. without overstepping 
«» and repeat (4). 

(6) Repeat (4) and (5) for currents up to about 1*5 or 2*0 
*°ips., rising by o'l at a time. 

(7) Repeat (3)-(6) for two or three different specimens, and 
^ulate as shown. 

(8) Plot a curve for each specimen to the same axes, having 
1^ as ordinates and A as abscissae. This will show how the 
eduction varies with the magnetizing force for the specimen. 

Observations ^. — (i) With C,„ and ns at zero, and the 

M 






U) 1«^«^ O Cor each current^ ^ ^^e to O. 
n>aitn>,no-S.rS^, about o^-^^' ^^^^^^e^^- 

(5) ^^. then reverse S ^, , urae to po 

for each currei^, ^^^^, o^^^ ^^^^"^ 

<'> ^-^"rD for ih current^ ^^^ ^^erervt spec 

...oUteasfoUo.-- ^-— ^ ^^ 



^^^^^-^ ^ for each sp< 

*!l D as ordvnates and A ^^^ ,, 

^' of D and A. ^ ^^^ ,ooped curve so , 

^^I'-The area; t:, therefore ^^^ of magn< 

taking the s\>c 

91. NVeasurement ^.^^.^^uy)- 

^ ...c substance « 

When a magnetic ^dency 

diflte««*-?!s Ik may ^'^ 
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esidual magnetism in the material after the magnetizing 
force has been wholly withdrawn. If it is gradually made to 
decrease from a positive maximum to zero, then reversed and 
increased to a negative maximum, now decreased to ^ero, again 
fc\rerse4 and lastly, increased to the positive maximum from 
which it started, the curves between induction B and magnetizing 
forte H will not be coincident* but will form a loop which 
jeprcsents a complete cyck of magnetimtion. Its area is a measure 

ihe work wasted or transformed into useless heat in carrying 
iciron through the cycle* With hard iron* and particularly steel* 
the loop has a large area, indicating a large waste of energy* The 
tendency of the changes of magneti nation to lag behind the changes 
of magnetizing force is called magmik kysfercsis^ and it may be 
fe^rded as a kind of internal or molecular magnetic friction, by 
reason of which alternate magnetiieations cause the iron to grow 
boL The effect of hysteresis is to prevent any simple relation 
aisting between H and B or H and I ; hence, to define /i, the way 
in which the iron has been treated must be known. The area of 
iht loop, viz. /H * ^B approximately = that of a rectangle, the 
htigbt of which is double the remafiencc and the breadth double 
the corrmr force. The cur\'es forming the loop, which is usually 
tailed the B — H curve of hysteresis, can be conveniently deter- 
mined by the step~by-step ballistic method. 

Apparatus. — The same as that for the Permeability Test for 
kings (liallbiically). 

OhservatioTi5. — (i) Connect up the apparatus as shown in 
fig* 1 1, and adjust the galvanometer needle to zero* With K open 
and Kj closed ^ take the specimen through two or three complete 
fydes of magnetization in the way indicated above, stopping at 
the positive maximum, but still allowing this positive maximum 
currtnt to continue to flow* 

(1) With S in its List position in(i), and K, K^ closed, quickly 
wict^se rjso as to suddenly reduce the current by a suitable amount 
to a lower value Aj amps. Note this and the throw d^ divisions. 

(3) From this new current value Ai take the specimen through 
one complete cycle, ending at the same value A,, 

(4) Repeat (2) and (3) alternately for about five equal decre- 
°i«?nis of current down to zero* 

(s) Reverse the direction of magnetizing current by means 
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of S, and with K, Ki closed, obtain throws for about ten sudden 
equal increments of current, with one cycle after each throw, up 
to the negative maximum, as indicated in (3). 

(6) Repeat (2)-{4), with S in position used in (5). 

(7) Reverse the current, and repeat (5) up to the positive 
maximum. 

Note. — Care must be taken that no error is made in measuring 
the throw at any step, as it will cause an error in all future readings. 
To avoid this, three throws should be taken at each current, and 
the mean noted. The amount of magnetism at any stage is given 
by the algebraical stint of the throws up to that point ; hence care 
must be taken to affix the right sign. 

Tabulate as follows : — 



N 

N 


1 = 

2 = 


: Ai = 

; Ai = 




sq. cms. : F = CG.S. 
„ ; turns, M, = 


units. 


cms* 


Amperes, 


H = AM^ Thr-' 


Bi. 


"^^r^ ' Algebraiol 


Induction, 
B = BitD. 


Ri. R< 










1 




L- 



For the various symbols, see experiment on Permeability 
(Ring Method). 

(8) Plot the B — H curve, reckoning axes north and east 
l)ositive and south and west negative, and having B on ih*^ 
ordinates. 

Inferences. — State clearly the inferences you can draw from 
the results of the above experiment. Find the residual magnetism, 
as a percentage of the induced, also the watts wasted in the 
specimen, if the work done per cubic centimetre of the metal 



\V = 



H.. 



__ ,_. area of loop , 

H . ^B = — per cycle. 

47r 



If H and B are in CG.S. units, AV will be in ergs per cubic 
centimetre. 

If N = number of cycles per second, then watts wasted = '^q.- 

The actual method of plotting a B — H cur\'e of magnetic 
hysteresis from the experimental figures obtained may not perhaps 
be at first sight perfectly obvious to every student. The niethoo 
of procedure, therefore, is as follows : — 

Take any point A as a temporary origin, from which draw* the 
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plar a,xes, AC and AD. Arrange so that the ordinates 
ent ttie figures in the column headed B of the table, and 
iie AD those in the column under H. Now, on plotting 
lal way the first half of the two colymns up 10 the 
naximum for H, we obuin the curve APSiA, ; next 
le return set of figures, 

If of these columns, we -- — - — ^--J^- z^.^-^^ 

fve A,P,SA. These two 
pprobably not coincide 
fcwever, together they 
mplete 0r/f of magneti- 
wki halve AC, the verti- 
5 between A A,, drawing 
intal line XOX,. Simi- 
ct AD, the horizontal 
between AA^ drawing 
1 line YOY^, intersecting 
:he point O, which is the 
n of the cyclic curve, 
imber the abscissae XXj 
■ from O with the same 
Lp ; also renumber the 
pY, ^ch way from O 
ittie scale as AD. Then 



^H 



Si 



Is 



% 



y, 



Fig. 74. 



QXi will represent +H and — H resi>ectively, while 
pr, will represent + B and — B respectively. 
ie induction which remains after the magnetising force H 
Ihr reduced from its maximum to O, is called the 
mt ftktifireness^ and the magnetising force OS, required 
K induction is called the c&erdvej&rce of the material 

^asurement of Magnetic Hysteresis 
P (Magnetometer Method), 

duction. — This method only differs from the corre- 
De for measuring magnetic pemieability solely in the 
irhich the magnetizing current is varied. It forms a 
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convenient and accurate means of measuring the magnetic hysteresis 
of any material, and is eminently suited for testing those materials 
which possess considerable magnetic . lag and creeping. The 
remarks made in connection with the permeability test by the 
magnetometer method (pp. 146-153) apply in the present instance 
precisely, and therefore the reader is referred to that test for aU 
details of the method. 

Apparatus. — Same as in the above-named method. 

Observations.— (i) Carry out Obs. (1H8) of that test exactly 
as there indicated, but do not break the magnetizing circuit 
when the maximum (which will be termed the positive) has been 
reached. 

(2) Reduce this current in about three or four steps to 0, 
noting its value A and the steady scale-deflection a at each. 

N.B. — The deflection a, when A = O, gives the rematuna, 
or residual magnetism, in the specimen. 

(3) Reverse at K and close it, repeating Obs. (7) up to the 
negative maximum. 

(4) Repeat (2) above, down to zero. 

(5) Reverse at K,'and close it, repeating Obs. (7) again up 
to the positive maximum, thereby completing one cycle of mag- 
netization. 

(6) Calculate the values of B and H, and tabulate as shown. 

(7) Plot the B — H curve of magnetic hysteresis, having Bas 
ordinates and H as abscissae, paying every regard to " sign," and 
reckoning axes north and east as positive and south and west as 
negative. 

Inferences. — State any inference you can draw from the above 
test. Find the watts wasted in the specimen and the residual 
magnetism as a percentage of the induced. 



93. Capacity 
(Absolute and Comparative Determinations). 

Introductory. — Without in any way considering the actual 
practical methods of constructing condensers, in connection with 
which we are most frequently accustomed to speak of capacity, the 
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following remarks, which apply generally to all such apparatus, 
are perhaps necessary to impress upon the reader the various 
terms, phrases, and phenomena met with in this class of work. 

A condenser may be defined as an arrangement of two con- 
ductors separated by an insulator; the former are called the 
coatings, and the latter the dielectric, of the condenser. If the 
poles of a source of E.M.F. be connected to the respective 
coatings, a P.D., V, will be acting across them, and a quantity, Q, 
of electricity will flow into the condenser. It will then be found 

that, if there is no leakage, Q oc \\ or y = C (a constant), which 

is called the capacity of the condenser. Hence the capacity of 
any condenser is the quantity of electricity required to be given 
to either coating in order to produce unit potential difference 
between the coatings. The unit of capacity is called a farad, 
and = io~* C.G.S. absolute units of capacity. A condenser has 
a capacity of i farad when a P.D. of i volt between its coatings 
charges each of them with i coulomb. 
Since, also — 



__ Q __ quantity ^ current x time __ 



time 



V potential potential resistance 

we see that the dimensions of capacity are of the order of* 

time time T T* . time 

— ^7 , tu:, — i — :—, or •— = - , i.t\ , , m the electro- 
resistance' velocity L L length 

T 

magnetic system of units. This " absolute unit " is far too large to 

deal with, and even the farad, which, as we see, is only - ,, of this 

absolute unit, is a great deal too large for practical purposes, so 
that a smaller unit = one-millionth part of a farad, and called, 
consequently, a microfarad, is universally adopted. Hence i 
microfarad = io~** C.G S. unit. When a condenser is charged, 
some time elapses before its terminal P.I), rises to its maximum 
value, or, in other words, before the whole charge is absorbed or 
gets in, which does not occur immediately. This " soaking in," 
so to speak, is due to surface action in the dielectric. Similarly, 
on discharging, the whole of the previous charge is not removed 
immediately; some has soaked in giving rise to what is called 
a residual charge^ part of which can be obtained on again 



i68 



Pracikai Eleciriml T^siimg: 



iBschaiiging, and a condenser exhibiting such properties is saidi 
to possess residtial ahtorpHeft. Again, if the condenser is rtolj 
well insulated, the charge will slowly leak away, independent of 
any proper discharge, \^*e thus see that the acfuai capadty of a 
condenser is a more indefinite quantity than we are accustomed 
to regard it, and this is due to absorption, leakage, residual 
charge, etc. In fact, the capacity of any condenser depends oq 
those ciuantities, together with the time for which it is charged or 
discharged, and the manner of doing this. Hence the difficuliy 
of obtaining a ver>^ accurate measure of the cajxicily of condensers 
by any of the following methods will be apparent* Possibly the 
best definition of the capacity of a condenser is that it is the 
instantaneous quantity or charge required to produce unit P.D* 
between the coatings. 

The method to be adopted in any particular instance will 
depend on the needs of the case, the apparatus at hand, and the 
type of capacity to be tested. For instance, much residual 
absorption in the ** direct deflection ** and " bridge " methods leads 
to inaccurate results, whereas the '^ method of mixtures " is not so 
much affected by it. Thus it will be seen that one method may* 
give accurate results when one particular phenomenon is preseni^ 
whereas another method would he quite inaccurate. In most 
cases null methods are to be preferred^ and invariably high in- 
sulation is absolutely necessar)\ It is important to note that tk 
liuantity of electricity required to charge a condenser is quite 
independent of the resistance of the circuit, but the time required 
to charge increases as the resistance increases* If C = capacity 
of the condenser in murq/ara^is and R the resistance in megohfli^ 
through which it is charged, then CR is called the "time con* 
stant *' of the condenser and will be in seconds ; and practically ^ 
condenser becomes fully charged in a time = 8CR or loCB- 
sees. In deflection methods, a sensitive ballistic galvanometer 
will be required, having a periodic time of oscillation not less tb^*^ 
about 2 or 3 sees. The damping will not be very imixirtant, *^ 
all throws are affected in the same manner, though it should ^^ 
smalL A galvanometer resistance of from 5000 to 1 0,00a ob^^ 
is common in very sensitive instruments. 

The standard condenser (such as that illustrated on p. %S* 
which is a most convenient one for use both in compam^i^ 
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determinations and those requiring only one condenser of known 
capacity, should possess the two a!l-essenthtl properties of high 
insulation and accuracy. 

If the fonner is low in any part, it will not hold its charge 
for any appreciable time, and cannot therefore be used with any 
degree of success. 

The insulation resistance, which may amount to many thou- 
sands of megohms, if high enough may enable the condenser to 
Ttlflin its charge for an hour or two without appreciable loss. 

A high potential difference applied to a condenser for a con- 
siderable period may so strain the dielectric that it might take 
da)i to discharge and attain its original neutral condition. 



94. Leakage, Absorption, and Residual 
Charge in Condensers 
(Experimental Determinations). 

Introctuctioii. — Fn a perfect condenser it has just been 
Temarked thai tlie above phenomena are absent ; in an air con- 
denser they are usually present to a slight extent only ; but in the 
ordinary condenser they are in force to a much greater extent. 
The following observations are arranged with a view to obtaining 
* wacrete idea of the extent to which diey are present in a given 
condenser. 

LuKAGE.^The amouDt of this will depend on the insulation 
reaisfance between the two coatings and on that between either 
'>i tbtse and earth, and also on the material forming the dielectric* 
An idea can be formed of the magnitude of the leakage in any 
G^ndenser during a given time as follows : — 

(1) First see that the condenser is free from dust and not 
•fejr, Then charge it by a suitable E.M,F., and immediately 
^^iicharge it through a suitable balhstic galvanometer, noting the 
^^\ ilirow d^ produced. 

{^^ Again chaige the condenser for the same length of time 
and mth the same E>M,P\, and let it stand with its terminals 
H^te free in air for, say, 1 5 minutes, and then at once discharge 
It itaowgh the gaK'anoraeter, noting the throw d,^ produced. 



I/O Practical Electrical Testing. 

Now, evidently the amount of leakage is proportioiial to 
dx—d^ and is V of the original charge in the 15 minutes. 

/. it amounts to ^ . ^ x ^,- per cent, per minute 

For mica as the dielectric, this might be only about j^ to i per 
cent., but for paraffin paper it would probably be something like 
ten times as great. In this way, by charging several kinds of 
condensers by the same E.M.F., a comparison can be obtained 
as to which is the best dielectric, providing of course they are 
built up with the same care in an exactly similar way. 

Absorption and Residual Charge. — These phenomena, 
occurring as they do together, will be considered in conjunction 
with each other, for the latter is a result of the former. 

They occur to a greater or less extent in all condensers 
having either a solid or fluid dielectric, and, as will be seen later, 
tend to vitiate the results of compdrisons as well as absolutes 
determinates of capacity. Electric absorption is the name giveri^ 
to the phenomenon whereby a condenser, charged with a lon^ 
contact with the battery, takes or absorbs a larger quantity o€' 
electricity than with a short contact with the battery. Thus m^ 
portion of this charge is gradually absorbed. Again, if such a- 
condenser is discharged, after a few minutes* rest another smaller 
discharge can be taken from it, and again another after a further 
rest, and so on, before it is ultimately completely discharged. 
Thus a " residual charge " seems to be left behind after each dis- 
charge, which phenomenon is known as " residual absorption." 

By means of the following method of procedure we can deter- 
mine how the absorption or soaking in of the charge, so to speak, 
varies with the time of charge. 

Klkctric Absorption. 

Apparatus. — Sensitive ballistic galvanometer, G (p. 285) ; 
two-way spring tapping-key, K, of high insulation (p. 327), and a 
suitable battery, B, of fairly constant K.M.F. ; condenser, C, to be 
tested. 

Observations.— (I) Connect up as in Fig. 75, and adjust 
the spot of light to zero. 

(2) After completely discharging C by a prolonged short 
circuit, press K i for an instant, thereby charging C with a P.D.= V, 
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md ixnmediatelj disdiaige it duon^ G by pressixig K2 with a 
ihoTt contact. Note tbe fint thxov d^ 00 disdai^ 

(3) Press K2 so as to discfaaige C in, sar. 
balf-minute intervals, noting the re^>ecxiY>e 

€ist throws d^d^d^ , , . \x^\o about £ve in 

number. 

(4) Now diaige C with the same P.D., V, 
for some definite time by keeping Ki pressed 
for, say, 2 minutes, and tben immedbrriy dis- ^^^ ''^' 
charge it through G, noting the first dirow 4^'. 

(5) Repeat (3), getting tiirows -//, di, d;, d,\ and d,'. 

(6) Repeat (4) and (5), allowii^ 2 minutes longer for diaiging 
each time up to about six charges, lasting respectively /^ A, 4, i^ 
. . . minutes, and employing half-minute intervab between all 
discbarges, and tabulate as follows : — 




Tnc taken ia 


d^ 


Readiul diarge propoctioiud to first tlirovs. 


cbiriifciL 


di. di. J^. d^ 1 ^5- 

1 




1 • 



(7) Plot curves between values of / in minutes as abscissae, 
and the respective sets of values of //i, d^ d^ . . .as ordinates on 
the same curve-sheet. 

Inferences. — State clearly all the inferences which you can 
make on the results of your observations. 



95. Relation between '' Time Constant " and 
Current in a Condenser Discharge 
(Siemens' s Deflection Method). 

Introduction. — The present test will at once be seen to have 
an important bearing in all capacity work by reference to the 
remarks on p. 168, from which it will be gathered that the time 
in which a condenser takes to properly charge or discharge 
depends on the resistance of the circuit in which it is placed, but 
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that the actual quantity of electricity in either case is independent 
of this resistance. 

Apparatus. — Sensitive ballistic galvanometer, G (p. 285); 
adjustable very high known resistance, r\ charge and discharge 
key, K (p. 328); fairly constant battery of about ten cells, B; 
condenser, C. 

Observations. — (i) Connect up as in Fig. 76, and adjust 
the spot of light to one end of the scale as a zero. 

(2) With r = O, alter the number of cells in B so as to get a 

first throw of the spot of 
light to the other end of 
the scale on charging C by 
closing K. Note this throw 
Do scale-divisions. 

(3) Adjust r to sudi a 
value that, on pressing K, 
the resulting first throw 
= about iVl^c Note this- 
throw D and the value of r. 

(4) Repeat (3) for about ten values of D, rising by about 
equal increments to the maximum. The throws D are proportional 
to the current flowing during discharge, and hence to the potential 
of the condenser. 

(5) To correct an error due to the battery E.M.F. having 
altered, repeat (2) again, and if D,, is now less than before, take 
the mean of the two values. 

(6) Determine the periodic time of oscillation T of the galvano- 
meter needle in seconds, and tabulate your results as follows:— 




Fig. 76. 



Capacity, C, 



microfarads ; galvanometer resistance, ^, = ohms ; throw, Dq. = 
T = sees. 



Resistance, r 



Total resistance, 



Qhms. 



R = 



^1+^^ 



megohms, throw, D. 



D 

Do 


Time constant, 
CRsecs. 


CR 
T 






_______ 



(7) Plot curves on the same curve-sheet between D andg- ^ 



CR 



ordi nates and CR and -7^- respectively as abscissae in each case. 

Inferences. — State clearly all you can infer from the results 
of your observations. 
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Comparison of Capacities Balltstically 
{Direct Deflection Metliod), 




IntrcMluctJon. — This direct discharge or charge method is 
cffie of the simplest fur finding the ratio of the electrical cai>acilies 

iro condensers, or of finding the capacity of an unknown 
iser in terms of a known standard capacity. It, however, 
the objection common to all such methods, namely, 
thai a deflection Is being measured* The rationale and whole 
essence of the method consists in chaiglng the condensers separately 
nilh the same or aptal PJ3/s, and noting the respective first 
throws of the needle or spot of light of a ballistic galvanometer 
m charging or discharging them separately through it, which are 
directly proportional to the respective capacities. Should the two 
lemers differ very much in capacity, so that when, say, the 
gives a convenient deflection the other gives too small a 
mt, or via vers^, then the deflections must be made more nearly 
jiial, either by shunting the galvanometer and so reducing its 

isibility with the larger one, or using diflerent P.D.'s bearing a 
knoTO ratio to one another, to charge the condensers. This 
^Jlitfir method is the more preferable one of the tvvoj for, as was 

It pointed out by Mr, I^timer Clark, the use of a shunt with 
Ijslliitic galvanometers introduces a certain vagueness in connection 
^ith*' transient" or short-duration currents, which are dealt with 
ui all ballistic work, due to the self-indoction of the shunt and 
pIviTSometer being probably very diflferent, which would seriously 
iffed the proportion in which the current is usually divided between 

ie two branches in the case of steady current work. For a 
more detailed discussion on this matter, vidt- p. iij. If, there- 
lore, the galvanometer of resistance g is shunted with a shunt 

resistance s when used with the larger capacity C^, then the 

ation IS Cj : Ci = — - — - di : d^ approximately, where d^ and d^ 

J the respective first throws of the spot of light in scale-divisions, 

Q and Q are charged or discharged, from which it will 

at once seen that, if the throws d^ and d^ are equal, the 

pprawmaie multiplying power -— — of the shunt gives the ratio 
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of the two capacities directly, and s could be adjusted to get 
this. Owing to the resistance of an ordinary condenser being so 
enormous compared with that of any ballistic galvanometer, the 
shunting of this latter with any resistaiKre does not appreciably 
alter the battery current from the resulting diminution of the 
resistance of the rest of the circuit If, instead of emplo>ing a 
shunt to reduce the sensitiveness of the galvanometer, the two 
throws are made more nearly equal by using two different P.D.'s, 
the smaller, V„ of which is used to charge the larger capacity Ci, 
and the larger, V,, to charge the smaller capacity Cj, then we 
have the relation — 

C, ^ V, d, 

where //, and d^ are the first throws as before. 

Since merely the ratio of the two P.D.'s is required, and not 

their actual value in volts, the best way to obtain them is shown 

in Fig. 77, in which a potentiometer box, AC, of total resistance r,, 

P is placed across a battery, B ; then, if 

li/ili/i/i ^^^ ^^^ \taids /, / going to the charging 

Z' II I I '^"^ circuit pick off potential respectively 

^ * from the whole resistance r^, and then 

A 'a D C from a known fraction AD = r,, we 

P''^'^'^)^^^^^^^ have V. : V, = r, : r.^ which at once 

I ) gives the required ratio of P.D.*s. 

N [ In this test, and, in fact, with all 

I V condenser work especially, great care 

Pj^ should be taken to have the wliolf ciradt, 

except the battery, well insuiattd, and 

consequently the number of keys and all apparatus, not absolutely 

necessary, should be reduced to a minimum, so as to prevent 

leakage from the condenser, when charged, taking place, thereby 

causing an apparent diminution of the capacity. 

Apparatus.— Delicate mirror ballistic galvanometer, G, of 
high resistance ([>. 285); condensers, C„ Co, to be compared: 
high-insulated Pohl's ( ommulator, P (p. 330), and charge and 
discharge spring-key, K (p. 328) ; suitable battery, B, of one or 
more cells ; a suitable damping coil (p. 349), with its extra cell 
and key. 

Observations.— (i) Connect up the above apparatus as in 
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Fig. 78. 



Fig. 78. See that P and K are quite clean and free from dust, 
and adjust the spot of light to zero. Slide out the little ebonite 
plugs on the terminal rods of G, and of C„ C2, if they have 
them. 

(2) With P over to C, and the spot of light absolutely at rest, 
press K, thus charging 
Ci through G, and note 
the first throw on G. 

(3) With K still 
down, bring the spot of 
light to zero quickly by 
either a magnet or 
clamping coil (p. 349) ; 
then release K, thus 
discharging Ci through 
G, and note the first 
throw on G. 

(4) Repeat (2) and (3) about four times, and take the mean 
^1 of all the throws. 

(5) Turn P over to C2, and repeat (2)-(4) with condenser Cj, 
obtaining a similar mean d^, 

(6) Repeat (2)-(5) with about three different values of the 
standard capacity, if this be an adjustable one such as that on 

P- 354. 

(7) If it is not adjustable, then repeat (2)-(5) with about three 
different magnitudes of scale-deflections by varying the number 
of cells in B. 

Note. — To see whether the battery P.D. has altered after 
doing (5), repeat (2) and (3) again with condenser C,. If, then, 
^1 has altered, take the mean of the first and last values of //, 
for use in the formula, thus eliminating the variation when 
small. 

(8) If no shunt across the galvanometer and also none but the 
same P.D. has been used, compare the two capacities, and Calcu- 
tta the value of the unknown from the relation — 

C, : C, = </,://. approximately 

and tabulate your results in the following form : — 
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Galvanometer resistance = 


ohmsai 


« 


C 








Shunt, 
resistance 
(if anyX *• 


* 


P.D.'s used Cif 
different). 


First 
throws. 


CaiMcitr. 


No. of 
unknown. 


Value of 
standard. 


Vi. Vj. 


Ratio, 
Vi 


dx. 


^s- 


Ratio, 


Unknown. 










1 













Inferences. — Prove the relation given in (8), and state any 
assumptions made in obtaining it. Wliy is the relation only 
approximate, and how can it be made a perfectly true one.^ 
What sources of error (if any) is this method liable to ? 



97. Comparison of Capacities 
(Wheatstone Bridge Method). 

Introduction. — This method, due to De Sant>*, resembles 
closely the ordinary Wheatstone bridge method of measuring 
resistance, and has the great advantage of being a zero or 
null one. It is applicable to ordinary condensers and short 
lengths of cable, though not for long lengths, owing to the effects 
of inductive retardation. It is most easily applied in the case of 
similar condensers having the same material as dielectric. In 
other cases, the effects of electric absorption make accurate 
balancing a difficulty. These can be minimized by " making" 
and " breaking " the battery circuit very quickly. The sources 
of error and necessary corrections to be applied in deflection 
methods are non-existent here, which makes it one of the best- 
known zero methods. In Y\g. 79, (a) and (b) are similarly lettered, 
the former showing the arrangement symbolically, the latter the 
actual one for experiment. 

The effect of a difference in the electric absorption of the two 
condensers C, and Cj is that when the bridge is balanced for, say, 
the charge, it will not be so for the discharge. If, however, either 
the terminals of each condenser be short-circuited or R„ R« made 
= O for a moment before charging by the key K, then, on pressing 
K, tlie deflection will more accurately represent the state of 
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r otherwise, when K is pressed up and down rapidly, 
ne spot of light should not gradually craf away from j^ero when 
lalanre is obtained. 

Apparatus. — Sensitive high -resists nee mirror galvanometer, 
G {\h 284), and shunt, S (p» Z^Z)l charge and discharge key^ K; 
PXX bridge, or other adjustable resistance boxes, to form the arm 
DE and EF ; condensers, Cj, C^., to be compared ; batter>', B, of 
about ten or more Leclanch^ cells. 

Observations-— (i) As a precautionary measure against 
damaging G, short-circuit it by means of S, and connect up as 
indicated in Fig. 79 {^), and adjust the spot of light to about zero. 



i%) The 



should 



roaxunum 




K^'I^bM^ 



ecttmcy, and if they are obtained from a P.O. bridge, first set Ri 
> 2220 ohms by taking all the six plugs out; then adjust R^ so 
at on making or breaking, U\ manipulating K down or up 
^speciively, but preferably the former, no motion of the spot of 
^1 ensues, S being gradually cut out, as the balance gets nearer, 
I RnaLty no shunt at all. Note the values of R„ R^*. 

(jj Repeat (2) for K| = 2000, 1220, and 1000 ohms respec- 
vely, which will be the best figures in the present circumstances. 

NoTi- — With Ihe smaller resistances it may be found advisable 
, increase the number of cells m B so as to obtain a more 
■Itive adjustment, 
H|) Repeat (2) and (3} fur about four different values of 

L - 
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standard capacity, if one of the condensers is of such a natui 
(as, for instance. Fig. 223) and adjustable. 

(5) Compare the two capacities, and calculate the unknow 
from the relation — 

Ci : Cj = Ra : Ri 

which will be observed to be just the reverse to the ordinar 
Wheatstone bridge law for resistances. 
Tabulate your results as follows : — 



Capacities. 


RensUUKes. 


Capacities. 


Number of 
unknown. 


Standard. 


Ri. 


R2. 


Ratio. 


Unknown. 






• 









Inferences. — Prove the relation given in (5), and state any 
assumptions made in deducing it. 



98. Comparison of Capacities 
(Secohm meter Method). 

Introduction. — The sensitiveness of the Wheatstone bridge 
method can be considerably increased by using an Ayrton and 
Perry secohmmeter instead of the key, K. A description ol 
the sechommeter will be found on p. 259. It may preferably 
be motor driven, and should have its commutators set in the 
midway adjustment for this test, so that the galvanometer is 
reversed midway between two successive battery reversals. The 
rest of the apparatus is exactly the same as in the preceding 
bridge method, except that K is dispensed with. Connect E anc 
H to terminals marked " bridge " on the battery side of th< 
secohmmeter, and D and F to those marked "bridge" on th' 
other side, the battery, B, and galvanometer, G, being directl 
connected to their respective marked terminals. Now rotate tb 
instrument, and carry out the preceding experiments (i)-(! 
exactly. Increasing the speed will increase the sensibility of tf 
test without affecting the relation connecting the ratios 
capacities and resistances Ri, Ro. 
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99. Comparison of Capacities 
(Wheatstone Bridge Method) - 

Introduction. — This is a ver>' simple and convenient method 
d lus the great advantage of being a null or zero one* It 
Ay dtflfers from that of De Santy in using two ordinary spring 
pping-keys instead of the ** charge and discharge" key used 
kere, and also in having the rebti\ e positions of galvanometer 
nd battery interchanged. It is most important that both the 
(mdensers and all pans of tht: circuits be well insulated j and if 
lui b the case, the battery need not be, for leakage occurring in 
Hy other part of the system but this, wiJl cause errors, and since 
h capacity varies in%^ersely as the terminal potential for a given 
pige, we see that a dimmution of this potential through leakage 
luring the test will cause the cajmcity to apparently increase. 
. Apparatus^ — Sensiti ve high-resistance reflecting galvanometer, 
n. 2B4), and shunt, S (p. 323) ; two spring tapping-keys — one, 
h ordinary, the other, Kjjj highly insulated ; a baiteryj B, of ten 





FtG. So, 



m 



clanch^ cells j the two capacities, Ci, Cj, to be com- 
lither two standard resistance boxes, R„ R^, or a P*0- 
i of a high-resistance potentiometer slide, 
I ObservatJons,^!) As a precautionary measure against 
ging G, short-circuit it by S, and then connect up as in Fig. 
* % adjusting the spot of light to about zero» If the ordinary 
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key, K^,, of the bridge is of insufficient insulation, then dispense 
with it, connecting G to E through a high-insulated key. 

(2) The resistances Ri, Ra should be high for maximum 
accuracy, and, if a P.O. bridge is used, first set Ri to 2220 ohms 
by taking all six plugs out, then adjust R, so that on pressing 
Ki first, and 5 or 10 seconds after it K,, no kick is produced 
on G, the key K, still being kept down, and S being gradually cut 
out, as balance gets nearer, to finally no shunt at all. Note the 
values of Ri, Rj, which give balance. 

(3) Repeat (2) for Ri = 2000, 1220, and 1000 ohms respec- 
tively, which will be the best figures in the present circumstances. 

Note. — With the smaller resistances it may be found 
advisable to increase the number of cells in B so as to obtain 
a more sensitive adjustment. 

(4) Repeat (1) and (3) for about four values of standard 
capacity, if this is adjustable (p. 354), remembering that the 
accuracy of the method increases as Q and Cj become more 
nearly equal. 

(5) Compare the two capacities, and calculate the unknown 
from the relation — 

C, : C, = R, : R, 
which will be observed to be just the reverse to the ordinary 
Wheatstone bridge law for resistances. 
Tabulate as follows : — 



Capacities. 


Resistances. 


Capacities 


Number of 
unknown. 


Value of 
standard. 


1 
R,. ! R2. 


c, 

C2 


Unknown. 






1 







Inferences. — Prove the relation given in (5), and state any 
assumptions made in obtaining it. 
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Absolute Measurement of the Capacity 
of Condensers (Ballistic Method). 



Introduction*— The capacity of any condenser can be 
deiennined absolutely in farads F, by measuring the number 
oulombs Q of electricity required to be given to either of 
atiogs to produce a P.D. of V volts between them. Then 
["= VF. l*he accuracy of this method, of course, depends on 
the accuracy with which the two separate quantities Q and \' are 
ddennined. The following method is siraple^ convenient, and 
kcmrate, and depends only on the accurate value of a resistance 
<ti ohms being known. 

Apparatus-— Condenser, C,to be tested; high-insulatbn wo- 

^3ykey, S (p. 327); reflecting ballistic galvanometer, G (p. 285): 

*nv fairly constant batter}% B, of a sufficient number of celJs to 

ll i^t a convenient instantaneous deflection on G when charging 

1 C; a high resistance, r, of a known value in ohms, which may or 

I niay not be wanted, or two standard resistance boxei>, /„ t\^ ; a 

l^igh-resistance potentiometer, XYZ, together with the necessary 

connecting wires. 

Observations.— (1) Connect up the apparatus as indicated 
in Fig- 81, and adjust the gal- 
^ometer needJe to zero by 
meam of the controlling magtiet* 
(2) Adjust the resistance of 
XZ to some convenient value, r C r 

at; from about 3000 to 5000 X v\^/vvwvnaa/wwwwvv^ Z 




ohins, depending on circum- 
leiDces; and also adjust the 
number of cells B such that, 
3a pttssing Si to charge the 
sofidenser, a convenient ///- 
toMiamaus deflection d^ Is obtained. 



vvv 

B 

Fm. Si. 



I ^ 



IE 



Note this first throw d^, 
(3) Adjust Tx to a suitable low value, if possible, and press S2, 
the steady deflection d.^ obtained on the galvanometer. 
) Repeat (a) and (3) for about ten different values of ri, so 
obtain deflections over the whole scale, keeping r^ ^ r^ 
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constant. The condenser C must be short-circuited after ev 
charge, in order to as nearly as possible have no residual cha 
left in it which would introduce errors due to residual absorptic 

(5) Measure the periodic time of vibration T of the nee 
in seconds {vide p. 133), and the logarithmic decrement X (1 
p. 134) taken with the galvanometer terminals disconnected fii 
the circuit. 

(6) Calculate the capacity F of the condenser in farads ft 

the formula — 

I.' T R d,. , ,^, 

P= -X ,>-X-^(i+iA) 
27r r -f G d^ 

Note. — If /'i, which represents battery resistance ^ in tai 
//i, is not small compared with r -f G, it cannot be neglected, ; 
we must therefore insert ^ -f ^ -f G in the formula instead 

r 4- G. If is expressed in megohms, then F will be gi 

r + G 

in microfarads. 

Tabulate your results in the following manner : — 



Periodic lime of vibration of needle, T, = sees. ; galvanometer resistance, G, = ohi 
mean Napierian logarithmic decrement X = 



V.ilue 
of r. 



Value 



Ratio, 
value r 

of r... . ' - = R 



Fling, I Deflection, 



j Capacity of con* 

denser. _ . 

I Cond 

test 



Farads, Micro- 
F. I farads. ; 



Inferences. — Show how the formula in (6) is obtained, 
explain what assumptions, if any, are made in deducing it. 

101. Comparison of Capacities 
(Method of Mixtures). 

Introduction. — This method, due to Lord Kelvin, but 
monly known as " Thomson's method of mixtures," has the g 
advantage of being a null or zero one, though it is poss 
to make a ready correction for a small resultant deflection, wl 
course, however, is certainly not to be recommended. The esse 
of the whole method consists in charging the two capac 
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with equal qinntities of electricity by means of a potentiometer 
armngemeiit, with two P,D.'s hearing a known ratio to one another, 
and noting that ibeir charges are equal by "mixing" the charges 
iliTOUfih a delicate galvanometer. Or, as was mentioned above, 
the method can be turned rnto a deflection one, and the resultant 
P.U. measured after mixing the two unequal charges. The 
methcMlT which is now almost universally employed in factorieSj 
cable-stations, and in ordinary work, is, generally speaking, 
applicaljle to comparisons of both small and large capacities, or 
when one or both of them are long submarine or other cables 
having very different degrees of '* inductive reLirdalions,'* which, 
with ordinary direct-deflection methods^ would entail using a 
haUistic galvanometer having a large ]>enodic time T to ensure 
the quantity passing through the galvanometer on charge or dis- 
ctejge before the needle moved. For ordinary condenser work 
tl)Oiit 10 seconds should be allowed for the condensers to charge, 
«hiie for long cables it should be something like 4 or 5 minutes. 
This method gives quite accurate results, even tliough the 
t^pacities may differ by as much as 1 : 6 ; but for wider difference 
mAm\ absorption becomes very troublesome^ and causes in- 
iccuracies. The sensibility of the method will increase with the 
P'lJ/s employed 10 charge, which should therefore be fairly krge. 
1* is extremely important to reduce all leakage from the con- 
<tensers as much as possible in order to avoid errors. For this 
teas^in all parts of the circuit should be well insulated, ap|iajatus 
dean and not dusty, and all connections kept m mid-ain 

Apparatus. — Sensitive high-resistance reflecting galvanometefj 
G (p, 234) ; two adjustable high*resistance boxes, R,, R-j, or a P.O. 
f'ridge or a high-resistance potentiometer, whichever is to hand; 
^ highly insulated PohFs commutator, P (p. 330) ; spring tapping- 
%, R; reversing switch, S (p. 319); batteryj B, of about ten or 
more Leclanch^ cells ; capacities, C,, C^, to be compared. 

Observations. — (1) Connect up the above apparatus as 

indicated in Fig. Sij and adjust the sfxjt of light from G to about 

lero on the scale* 

(2 J Rij Rj being adjusted £0 suitable Mgh values, close S, and 

tufn P over to the front (battery side) for about 10 seconds, so as 

to chaige the condensers to different and opposite potentials, K 
open. 




I84 



Practical Electrical Testing, 



(3) Now close K, and turn P over to the back (galvanometer 
side), so as to mix the opposite charges in Ci and Cj. These, 

if equal, will just neutralize, 
and cause no deflection 
on G. This condition will 
rarely ever be obtained at 
first start. 

(4) Keeping Rj, say, 
fixed, alter Rj, so that on 
repeating (2) and (3) no 
deflection is observed on 
G. Then note the values 
of Ri and R^ 

(5) To eliminate the 
effect of residual absorp- 
tion in the condensers, 
turn S round through 90', 
thus reversing B across 
R„ Ra- If now there is a 

^ *^- ^^- deflection on G, readjust 

R, to obtain none, calling its new value R/, repeating (2)-(4) 
again. 

(6) Repeat (2)-(5) for about four widely diff*erent values of 
R_„ remembering that the test will be more accurate when R„ R. 
are large. 

(7) If either of the cajxicities is an adjustable standard, such as 
that on p. 354, then rejK^at (2)-(6) for about three or four different 
values of the standard, remembering again that the test will become 
more accurate as the ca])acities become more nearly equal. 

(8) Compare the two capacities, and calculate the value of the 
unknown from the relation — 

C, : C, = R> : R, 
and tabulate your results as follows : — 




Capacities. 


Roistances. 


Capacities. 


Nkiiiiliri of 


Value of 
standard. 


Current one 
way, Ri. 


Current re- Mean, 
versed, H j'. Ri- 


R2. 


c, 


Value of 
unknown* 








1 
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isferences.— Provt; the rehtion given in (8), and state any 
assunipUons made in obtaining \i, 

) 102. Comparison of Capacities 
Siemens' s Continued Subtraction Method)- 



1 

^ 



A brief digest only of this method, devised by the late Sir 
W, Siemens, will be given, for the following reasons :— 

(i) The method is difficult of application and manipulation, 

(2) It requires great care, and in ordinarj^ hands, except with 

special arrangements, would most probably give erroneous results* 

(j) Leakage effects introduce errors, and the highest insulation 

is required in the condenser tested; for the former reason the 

manipuktion must be as rapid as possible. 

(4) For accuracy the smaller and applied condenser must 
attain the potential of the large one on each successive deduction, 
*hich cannot be the case unless tinae is given it, when leakage 
errors will at once creep in, 

<5) Difficulty in correcting for damping. 
Thus it will be seen that though tlie method is in one respect 
a prett)' one, having the advantage of enabling a very large 
ca[jacily to be compared with a small standard one, yet the 
practical difficuhies and errors which creep in render it unsuitable 
for ordinary work. 

The method is, however, as follows : — 

(fi) Chaise a standard known condenser of capacity C, to 
some definite potential V, and note the first throw d^ on dis- 
datging it through a ballistic galvanometer, 

[h) Charge the large condenser of capacity C to the same 
potential V, and take away die charging source ; then gradually 
1^ rapidly dischaige it Jay applying C^ n times across its terminals, 
completely discharging C, after each application* 

(n After the //th applicatioHj discharge the standard through 
tl»e galvanometer, and note the first throw d^. 

Then, neglecting damping and other corrections, we get — 



o.y- 



iMi 



tier "*-i Tmi nfifc"*?-*- 



?e Brecdy propoctioQal to the 
xzrr jawing out of C« through 



t^a. 



of CaiMcities 

Method). 



-r!iis * asfecncn"' method is af^licable to 
5-y TV I ir.rA'.rzinGS "¥!ii:se nnamties do not difer very much 
rV-.m --Cit jmicjer, im: x 3r.iuirris ±at the periodic time of 
ov/..larji:ii :t zie ii&rssical galvanometer used should be laige 
cr.mr.ar^ t»:c:i ±e Jir^sr :f ±e two •'dme constants" of the 
r *•-> '■.r,rjicrr-stir7 icdpar^i. I^iis ceing che case, it is not necessary 
•;-.nr cr.ft 7.erl.>ij furjiic wiiich oe two quantities flow should be 

t..\r,: ^Zrtiy ont: md ±e ^ame. There are obrioiisly two modes 
'/ pr A;ftfi.irr: : ."■ ±a: oc arnittiing so that the charges, f>. the 

t i/ir/.v-ri 9^ an.: '^ ot electricity which pass into or out of the 
tWi r^ir»'^!r:nsr:r3, due :.3 che same battery E.M.F^ go simultaneously 
Wiff^H'/.i r.ne two j^alvanometer coils — dien, if 6^ = the angular 
i:.f',A r-'v.lrin^, we Live Q:— Qi « sin J^; (^) that of shunting 
II.' •; jiv.inornr.trjr Cuil, which is in series, with the larger of the 
I vo /.l[i^J^If.i^h, whence <^: — Q_ oc the quantity Q, which passes 
iiiM*ii^'li tlw: -.nunt. 

I ti'. ;itiflior doc^ not, however, purpose discussing this method 
i.y III' rhffrnririnl ^galvanometer in further detail, as it is not 
..iiIIk h i.tly j/<rHrally applicable for comparisons of capacity, and, 

• •••«• '.VI, I. inferior tr^ several other methods which are more 

' 'i-.iU liiiliipill.ilrd. 

I i.iU, (//) p<>ss« ss(!s the defects inherent in all deflection 

• 11- ii.-.l .. wl.ilr with (/') an unknown quantity is introduced, due 
i'l .limiim,'. ,1 ^'.dN.mouu'icr when using transient currents. 

i '•' !• ii h.iiid diagram ( Fi<?. 79) would represent the con- 

'" ' •»'•«». I'll die mode of procedure {t7) above, providing the circuit 

•'•i.iiim,^. (, .iiul S is disi>ensed with, and the two coils of tbe 

'•«! I- Mild ^;.il\.iiu»hhiri substituted for the resistances Ri, K« 0^ 
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104. Comparison of Capacities 
(Method of Divided Chiarge). 

Intfoduction*— This method is a simple and in many 
T-C'Spects a convenient one, and becomes most accurate, as has 
t^-een shown by Mr. Kempe^ when the standard capacity is about 
\\3\\ thai of the unknown. The method is very analogous to 
tHe Siemens subtraction, but here in this one only one subtractioD 
^. is made. 

H Apparatus. — Sensitive high-resistance ballistic galvanometer, 
H C» ; highly insulated charge and discharge key, K (p. 32S) ; highly 
^ insulated ordinary spring tapping- 
I key, K, ; Lecfanch^ battery, B, of 
a suitable number of cells ; standard 
and unknown capacity^ C, and C 
i^pectively. 

Observations. — (i) Connect up 
as indicated in Fig. S31 and adjust 
the spot of light to iiero, 

{%) With Ki open, press K, thus 
charging the standard capacity C, 
frith the E.M.R of B. 

{%) Release K, thereby discharging C, through G, and note 
the first throw of the galvanometer needle, and call \l d^, 

(4} Again press Kj then release it to an intermediate position 
b^ift^een the upper and lower contacts, and quickly press K, for 
^ or 3 seconds. Now release both keys, and note the first throw 
^ on the galvanometer. 

(5) Repeat (2)-(4) with about four different values of standard 
capacity Q and also, say, a different E M.F. of the battery B^ 
^ch time completely discharging C before applying to C,, 

(6) Compare the two capacities, and calculate the unknown 
ftom the formula^ 

Q ^d, ~d^ 

^id tabulate as follows : — 
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Capacities. 


Fint throve. 


Capa-ir^. 


NumUrur | 
unknown. C. ; 


Value of 
•tandard, C^. 


j 




1 




! 





Inferences. — Prove the relation given in (6>, and state an? 
aNNiuiiptions made in obtaining it. 



105. Measurement of Specific Inductive 
Capacity of Dielectrics. 

Introduction. — Not only is the capacity of a condenst 

i!UuaM\l by using glass, mica, gutta-percha, \iilcanite, etc 

ii\>!s,ui ol air as the dielectric or insulating material across whic 

l^. V .iVtrosuiic induction lakes pbce, but the resistance i 

'.,,jV.;;-.v ,i:v'. consequent loss of charge by sparking is considerabl 

..x-.»..n;v.. iJ^is dcj^nding as ix does on the rigidity and not c 

.N ^....i;;:\j: i;u."ili:y of the sul>s"jaK>e, The increase in capacii 

.V , . N : , . .^.^v. o:' :ht s;xv:nc ir>i'jc::ve CjIUc:!}- of the dielectric 

, ^ , ....ar.:» o:" «rv c."*r>ic i^sct when its plates ai 

,,,..., . i ::.■■.:- .zjcmy C^ whtci thry are separate 

. ,v -^ ,...*.:■. > \.", = c' X >:'<v''r5c iacuctive capacit 

.. X .* ^\ r"., ^.-: :?; >:i;\~:5: :r*i*^ct:Te capacity of 

... . x, •- . :. .*•: .v.iii-.\n :if 1 c^rvienscr when it 

. . ,\ ' > >. :5Ci.T».>: :r- rbe v"*^rxici:y oi th 

' V x..^^.^.:»/ : ^ TTrr-f-sss*.: A>t: on. ^'J- 
. '■. . :^ - .•>,;:..■' ru ris:. ■»- want t( 

. •. . . J'.*'. -• ."i i r;crTin~"ieIv sinal 

>^ -- ■ ".*-:'viv.-^ ^suru'^; l-rji^P 
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this method. In all cases the un pasted border should be care- 
/fiily ikafted and dn€fl^ and with the same object in view, the 
plaie should rest on a block which mty tmickes the underneath 
sheer of foil. Thin wires should make contact wlih each sheet 
of tinfoil, and these form the terminals of this experimental 
«^Oiidenser. 

Apparatus* — Two resistance boxes, t\, f\ ; telephone, Gt» as 
^a^lvanometer ; chat^e and discharge kcy^ K; ten-cell battery, B; 
^ ii~ condenser, Ci ; condenser, C;*, as above, with its plates separated 
t>>r the dielectric to be tested. 

Let A1A2 ^ total effective areas of the metal coatings, d^d^ 
=r total effective distances between them for the air and other 
crotidensers, Cj and C, resj^ec- 
L i ^'chi then, for no sound in the 
t^^lephonc, we have CiH = Cj^^, 
ObservatEOtis. — (i) Con- 
ri^ct up as shown in Fig. 84, and 
adjust /[, say, to a convenient 
-^nalue, which should be fairly 

(a) Adjust r^ so that on 
ra pdly actuating K up and down 
^<^ as to rapidly charge and dis* 
efi^e C( and C^>, no sound is 
beard in the telephone. Now 
'^ote the values of ru n. 

(^) Repeat (i) and (2) for six widely different values of r„ r^, 
arici calculate the specific inductive capacity from the formula — 




B 



Fig. S4. 



specific ixiductive capacity = 
K^} Tabulate your results as follows :^ 



n A I d^ 
r/A,jVi 






1/1. 



dt. 



Specific liidtictivc 



IriferenceSp— Prove the relation given in {3), and state any 

^^sumptions made in obtaining it 



I go Practical Electrical Testing. 



106. Capacities in Series and Parallel 
(Laws of Combination). 

Introduction. — It is important to know the precise result of 
combining capacities in series, parallel, or partly in series and 
partly in parallel, and to be able to predict the combing or 
effective capacity of all such combinations without difficulty. 
This experiment is arranged with a view to proving, by means 
of carefully made tests, the laws of various combinations, and 
thus impressing the matter more firmly on one's memory. When 
capacities are connected in series^ or " cascade," as it is sometimes 
called, their combined capacity is obtained from the individual 
capacities in exactly the same way as that of a number of known 
resistances in parallel. On the other hand, capacities in parallel 
combine in exactly the same way as resistances in series. 

To verify these and other rather less obvious relations, the 
student will be expected to be already acquainted with Thomson's 
" method of mixtures " for comparing capacities (p. 182), and con- 
sequently the mode of performing the observations will not be 
repeated in what follows. 

Apparatus. — All that named on p. 183 for the method of 
mixtures, where Q, one of the capacities named, will now 
represent the respective combinations of capacities to be tested ; 
in addition, a box of four separate and well-insulated condensers, 
A, B, C, and 1), arranged similarly to that described on p. 347, 
so that they can be connected up singly or in all possible 
combinations Q of series and parallels. 

Observations. — (i) Connect up as shown in Fig. 82, and 
carry out all the observations, (i)-(7), there mentioned in the 
following tests. 

(2) Measure .the capacities of each of the four condensers 
A, B, C, and I) se})arately. 

(3) Measure the capacity all in series, and also for any two 
and any three in series. 

(4) Measure the capacity of two different pairs of any two 
capacities in parallel. 
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(5) Measure the capacity of two different pairs of any three 
capacities in parallel. 

(6) Measure the capacity when all four condensers are in 
parallel. 

(7) Measure the capacity of the four condensers arranged two 
in series and two in parallel. 

(8) Calculate the combined or effective capacity obtained from 
the measurements from the relation — 



Q = 



R., 



(9) Also calculate it from the following formulae to be proved : 

for pure series combinations 
Cs = A+B + C4-D+ . . . „ parallel 
and tabulate your results as follows : — 






Capacities. 








Capacities. 


oC unknown. 


Value of 
standard, Ci. 


Current 
oneway, Ri. 


Current re- 
versed, Ri'. 


Mean, 

Ri. 


R2. 


Measured. 
C. = C.f^ 


Calcu- 
lated, 
Cs. 














1 



Inferences. — Prove the relations given in (9), and state all 
that can be inferred from tlie results of your observations. 



107. Constancy of the Capacity of Condensers 
(Proof Ballistically). 

Introduction. — When a quantity Q of electricity flows into 
either coating of a condenser of capacity C, and raises the P.D. 
between the coatings to a value V, then we have the relation 

Q = CV, or C = ^ = a constant (approximately). Now, in an 

ideal condenser in which a perfect dielectric is used, i,€, a 
dielectric which is a perfect insulator and whose absorption and 
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dielectric hysteresis is «/7, the ratio - would be constant uni^ci:: 

all conditions. A good air condenser approximates to an id^^ 
one, but the ordinary practical condenser possesses an imperfi^^ 

dielectric, which results in the ratio ^ having to depend to ^ 

certain extent on the initial state of the condenser and on xh^ 

time it is given to charge or discharge, thus causing — to be onif 

approximately constant. 

Apparatus. — Sensitive ballistic galvanometer, G (p. 285); 
damping coil, with its key and cell (p. 349); highly insulated 
charge and discharge key, K (p. 329) ; a rather leaky condenser, 
C, of suitable capacity ; battery, B, of ten cells or more ; and a 
fairly high-resistance potentiometer, PS, say, of about 5000 ohms, 
with a moving contact or sliding key, N. Then, if, say, ten 
cells are permanently connected to P and S, their total E.M.F. 
will be very approximately constant, and the relative resistances 
between S and the point of contact N \fill at all times give the 
relative P.D.'s employed in charging C, which, therefore, will be 
a ready and convenient means of using what E.M.F. is desired 
from o to that of 10 cells in series. 

Observations. — (i) Connect up as in Fig 85, and adjust 
the galvanometer to zero. 

(2) First adjust B so that when N and P coincide, ue, when 
the full E.M.F. is used, a full-scale deflec- 
tion is obtained on G when K is pressed. 

(3) Set N so that NS = -jVPS, and 
note the first throw ^/, on charging C by 
pressing K ; then quickly damping G to 
rest, note the first throw d^ on discharging 
C by releasing K. 

(4) Repeat (3) for NS = ^, ^, ^, 
... of PS respectively up to the full ; 
and to make certain that the total E.M.F. 
of B has not altered, repeat (2) over again. 

(5) Repeat (3) and (4) with, say, a lo-seconds interval of the 
lever of K intermediate between the two stops on discharge, and 
tabulate all vour results as follows : — 
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^S^l:^" 



Throws iMi 



Oiaj-King, 



uwni 






9,htt TO t^c&,t 



RadM.^ 



A. 






NS 



^ inferences. — What can you infer from the results of your 
\ obsenations ? and state whether anything has been lost sight of 



^^hkh might affect the ratio ^ independently of other things. 



I 




108, Self and Mutual Induction Coefficients 
(Absolute and Comparative Determinations}* 

Introductory. — It is not the intention of the author to 

iiscuss theoretical considerations relating to the above subject, 

which (an more appropriately be obtained from text-books dealing 

fiilj that branch of the subject in detail Some prefatorial 

ks and definitions are* however, necessary, 

SELF-tNDUCTioK.^It is Well known that, when a currejit is 

SUined or stopped in a circuit, a certain time elapses before the 

carmit reaches a final steady value. This phenomenon is due to 

the lines of force, emanating from one part of the circuity cutting 

another jiart in springing out or collapsmg, and thereby causing 

m&mentar)^ counter E.M.F. to be set up (by Lena's law), which 

twds the rise or fall, as the case may be, of the current This 

is termed the self-ijiduction of the circuity and its magnitude 

pends on the geometrical form and permeability o( the circuit 

|<1 surrounding medium. 

If N = number of magnetic lines of force threading the circuit 

e to a current A flowing through it^ then N oc A if there is no 

letic material In or near the circuit ; and since N varies, under 

tonditions, as A, w^e may say that N ^ LAj and therefore 

that ^ = L— , 
dt dt 

Dtptithn, — The coefficient L is called the c&effidmt of seif- 

dh 

^ndmiim^ and L -- = the counter or back E*M.F, of self-induction. 
di 
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N 
Now, since from the above L = -■ , the coefficient of self- 

A 

induction may be defined as the number of lines threading the 

circuit when unit current is started or stopped in it. 

LA 
If R = the resistance of the circuit, then -— = whole qmntity 

X\. 

of electricity in the induced or transient current on making or 
breaking during the rise or fall, and if the ciurent is reversed, this 

• 2LA 

quantity is = . Hence L can be defined as the quantity d 

electricity passing in the circuit of unit R when unit currait is 
" made " or " broken." L is constant if the permeability of the 
surrounding media is constant. 

If R stands for the ohmic resistance of a coil of self-induction 

L, then - is called the time constant of the coil, and is the number 
R 

of seconds required for the current to arrive at 0-632 of its 

maximum value after first closing the circuit 

Mutual Induction. — Now suppose two circuits are in 

proximity to each other, and that a current A be suddenly started 

or stopped in one of them (called the primary), while the terminals 

of the other (the secondary) are short-circuited. Then the quantity 

of electricity set up in the secondary during the rise or decay o^ 

the primary current = — -» where R = resistance of the whole 
R 

secondary circuit, or, if the primary current is reversed, this 

2 AM 

quantity = - . 
R 

Definition. — The coefficient M is called the coefficient of mutu^ 

induction, and M = the induced E.M.F. in the secondar\\ Th^ 
df 

coefficient M may thus be defined as the quantity of electricity 

which is induced and flows in the secondary of unit resistances 

when unit current is made or broken in the primary', or, in otb*^^ 

words, it is the number of lines of force common to or ihreadi'^^ 

each circuit when unit current flows in one of them. 

M is constant if the permeability of the surrounding med*^ 

is constant. If any circuit contains magnetic material, then ^^ 

or L, whichever is present, will depend for its magnitude on th^ 
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y 



magnetic saturation of such material, and consequently on 
cmrent. 

Unit — The unit of either self or mutual induction is variously 
lemied a secohm, Henry, or quadrant^ and in the electro-magnetic 
^lysrem of units has an absolute measure of lo* cms, 

Dmetuhns, — Its dimemkm is of the order of resistance X time, 

^i^ velocity x time, ^ - — - x time, or, in other words, laigik. 

In the following measurements we shall adopt the usual 
notation shown in Fig. 85 a, I, and IL, namely— 

L fora non-inductive resistance, and j ^^^^vy^wvysAAAV^^ 
IL for an inductive resistance. 

These simple representations, if "- nmnHnmnnP* 

studiously adhered to, will save any ^^^' ^^'^' 

confusion, and at once folbw from the fact that circuits doubled 
back an themselves have an extremely small coefficient of induc- 
^m, and for all practical purposes may be considered as non- 
inductive. No circuit, however, can lie absolutely non-inductive. 



109. Absolute Measurement of Self-induction 
( Maxwell* Ray lei j:h Method), 

Introduction. — This is a ballistic or dellection method 

for determining a coefficient of self-induction absolutely in 

^ohms, and is one originally proposed by Clerk Maxwell, but 

[modified by Lord Rayleigh, The result dejiends on the accuracy 

^ih which five separate quantities are either observed or 

I «nasured* The arrangement is substantially that of a Wheatstone 

I bridge, and the method is i::apable of accurate results whtn 

L sufficient care is taken and all necessary corrections applied* 

[A niiJi method, however^ is distinctly to be preferred when 

! i^ailable. 

Apparatus. — Known standard non - inductive adjustable 
f«ditance5» P, Q, R, and S ; battery of fairly good Leclanch^ 
^% B ; Pohl's commutator^ K^ {i^ld^ p. 350) \ spring tapping*key, 
Nt ballbtic galvanometer^ G (p, 283) ; coil of self-induction, L^ 
*^lmia to be measured and of ohmic resistance, /. 
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XorE& — In tbe 2mMejL£^ axTMnsienkeaAj viiicfa is the best one 
to use, P must = Q, 4t/ bccaj our adjxtslable ann, in which case 
they maj each be single lesMxaoeSu hat of abom tbe same order 

of magnifnde, preferably 
as /. G should preferably 
be of tbe iDOving needle 
tjpe, and have a resist- 
ance approximating, if 
possible, to the most 
suitable Talne, namely, 

'Q--'(gf-s^') 

P -h Q+ 2/ 
ohms for the above ar- 
rangement, and P = Q. 

If / should be very 
small, it will generally be 
found necessary to bank 
Pj^j g^ it up by inserting a mfft- 

indu€tkY resistance of suit- 
able value in series with it, so that the arm cd now equals the 
sum of the two, and may still be called /. 

In OI)s. (5) below the inductive throws d may be taken 
on "making" and "breaking" the batter}- circuit at K„ and the 
mean used in the calculation or preferably " half" the throw on 
reversing the battery connections as this throw, which is approxi- 
mately double either of those at the " make " and " break," can 
be read more accurately, and, in addition, ovnng to the battery 
remaining on " closed circuit," its E.M.F. will be more constant 
than if used intermittently. ^ 

Observations. — (r) Connect up the above apparatus as 
indicated in Y\g. 86, and adjust the galvanometer spot of ligbt 
tv> zero on the scale by means of the controlling magnet 

(^) Assuming / to be known roughly, make P = Q = about 
this resistance, if possible and convenient. 

(3) Remove "infinity" plug in S, and adjust R so that oti 
closing Ki first, and then Ko 3 or 4 seconds later, say, it xsju^^ 
too large to give no deflection on G. 

U) Reinsert "infinity" plug in S, and, starting with a much 



Praciimi Electricai Testing. 



T97 



higher rsistance than is already out in R, adjust S so as to finally 
"balance the bridge *' accurately for steady currents » and obtain no 
motion of the spot of light on manipulating Kj and K>, as in (3). 

(5) Now, without altering anything, close K.^ and Kj, and then, 
when the spot of light is perfectly at rtst^ suddenly reverse the 
current by means of K;, and note the angular throw d^ of the spot* 

(6) Throw out the balance for steady currents obtained in (4) 
above by increasing S, thereby increasing the resistance of the 
arm &d by a small amount p, and note the steady angular 
deflection D" produced when both K^ and K> are closed, 

(7) Repeat (5) and (6) alternately a few times in order to 
diminate any error due to variation of tlie battery E-M.F., and 
lake the mean of each set of values for d"" and D° respectively, 

(S) Repeat (3h(7)i first by increasing the E*M*F, of B, and 
ibeieby ^ and D°, which will give a more sensitive test; secondly, 
l>y employing two or three different values of p altogether, 
cabling several diflTerent determinations of the same self-induction 
to be made and a mean obtained. 

(9) Determine accurately the periodic time of oscillation T 
the galvanometer needle in seconds in the manner set forth 

(10) Determine the Napiman logaritkmk dear me nt k of 
^^ galvanometer with the same arrangement of the bridge arms 

.as in (4) above, and with K^ open and K^ closed, in the manner 
[set forth on p* 134. 

NoTES,^Should G be too sensitive, control its deflections by 
a mmt powerful controlling field, rather than shunt it, if possible. 
T may have any convenient value from about 4 seconds upwards ; 
p imist be kept small, and might preferably have such a value 
IS 10 give ^^= D^ nearly. 

It is advisable to sec the order of d'^ prior to very accurately 
LkUncing in (4)» as it may be found expedient to increase ^^ by 
i*J*Citasitig the sensibility of G, or by altering the resistance of 
I^Tui Of if tl^is is " banked " up. 

(n) Calotkte the self - indued on L measured from the 
I feraula^ 

T // 

' - (i + ^A) secohms 



L = 



'^ d and D are in scale-divisions corresponding to ^Z" and D"^, 



i 
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Tabulate your results as follows : — 

L 

Peri(xltc time, T, = sees. ; log dec \ = ; time constant of coil, -. , -= 



Kind of induction i Ohmic resist* Throw, Steady deflection, ' Resistance, 
tested. I ance, /. I </. | D. | p. 



V&Ji 

of 1 



Inferences. — Prove the formula given in (11), and state aT\y 
assumptions made in obtaining it. 



110. Absolute Measurement of Self-induction 
(Secohmmeter Method). 

Introduction. --The following deflection method neces- 
sitates the use of a special piece of apparatus termed a secohm- 
meter, which has been devised by Professors Ayrton and Perry. 
The object of it is to increase the sensitiveness of the Max^ell- 
Rayleigh method by obtaining the cumulative effect of a rapi^ 
succession of throws on the galvanometer due to "make 
or "break" impulses. The actual arrangement of the bridge 
itself may j)referably be that used in the above-named methcKl' 
the function of the keys K, and Ko now being perform<5<i 
by the secohmmeter. The method is subject to the defe<^^ 
inherent in all deflection methods. 

The secohmmeter, a further description of which will be foun^ 
on p. 259, can either be rotated by hand through the medi^i^ 
of a handle or by a small electro-motor coupled direct to tH^ 
commutator spindle. The general arrangement for the latt^^ 
mode of driving is shown in Fig. 119. 

Apparatus. — Known standard non - inductive adjustal>^^^ 
resistances, P, Q, R, and S ; battery of fairly good Leclan^t*^ 
cells, B ; an ordinary sensitive Wheatstone bridge galvanomet^*"* 
G, of any type, though preferably fairly dead-beat for convenien^^^ 
an auxiliary key, K ; the self-induction, L, secohms to be measur^^ 
of ohmic resistance, /; secohmmeter, O, complete with tacl^^^ 
meter, T, and preferably a small electro-motor, M, the electri^^^ 
circuit feeding M consisting of a small secondar}^ battery, switch '^ 
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B= 



uously variable rheostat for adjusting the speed and 
r it constant 

—The student is referred to those in the Maxwell- 
lethod, which apply here exactly with the exception 
r part relative to the inductive throws. In addition, 
remarked that the relative positions of the two com- 
unimportant. The greater the speed, the greater will 
lection d, and the more accurately can it be observed 
ger the added resistance p will be ; in other words, the 
Df the method is increased, but the speed must not be 
to prevent the currents reaching their steady values 
^o consecutive reversals of the battery. That this 
s fulfilled may be ascertained by seeing whether the 
: for L is obtained for a much smaller speed than the 
ised. In 
e galvano- 
d battery 
rs are re- 
^rmbolically 
id B.C. re- 

irations. — 

ct up the 
pparatus as 
I in Fig. 87, 
circuit not 
'n, and ad- 
Ivanometer 

uming / to 

y known, 

Q = about 

nee, if pos- 

FiG. 87. 

nove " infinity " plug in S, and adjust R so that on 
battery circuit, first by, if necessary, slightly turning 

itators into a different position for contact, and then 
auxiliary key K a second or two after, it is just too 

e no deflection on G. 
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(4) Reinsert " infinity " plug in S, and making S much ] 
than R, adjust it so as to finally '^ balance the bridge " accurati 
for steady currents in the usual way by closing K last. 

(5) Drive the secohmmeter at a low constant speed, N revc 
tions per minute by the motor, say, and note the const; _ 
deflection d scale-divisions on the galvanometer G. 

(6) Stop the secohmmeter, and throw out the balance '£<^i 
steady currents obtained in (4) above by increasing S, ther^bj 
increasing the resistance of the arm ad by a, small amount p, SLTM<i 
note the steady deflection D scale-divisions of G. 

(7) Repeat (5) and (6) alternately a few times, in order to 
eliminate any error due to the variation of the battery E.M.F-t 
and take the mean of the two sets of values of d and D 
respectively, 

(8) Repeat (3H7), first by increasing the E.M.F. of B for 
the same speed, thereby increasing d and D, and giving greater 
sensibility ; secondly, by employing four or five different speeds 
N, rising by about equal increments to the maximum. 

Notes. — Strike out those values of L calculated in which the 
condition referred to in the introduction has not been fulfilled, 
and take the mean of the remainder. 

The added resistance p may preferably have such a val^^ 
as will give d =T> approximately. 

The secohmmeter gives four reversals for one revolution /^^ 
the commutator spindle. 

(9) Calculate the required self-induction L from the formula^ 
_/ p d 



L = 



(k"s-0 



I) 



secohms 



where d and D are in scale-divisions and n = number of reverse •'^ 
per second. 

Tabulate your results as follows : — 



v = q = 



Kind of 

induction 

tested. 



Resistances. 



R. 



S. : /. 



S|.)ecd of 

commutators, N 

revolutions per 

minute. 



ohms. 



Number of 

reversals, w, 

per sec, 

6<j 



Deflections. 



D. 



Self-indU*^ 
tion, 1* 
secohm*- 
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ices, — Provt the formula given m (9), and state any 
aiis made in obtaining it. 



b 



isolute Measurement of Self-induction 
M (Secohmmeter Method), 

Mluction-^The following ** null " or *^ zero " method 
.ring self'indiiction by means of the secohm meter is a 
>Te sensitive one than the corresponding "deflection" 

The action of the secohmmeter, the ap]>aratijs to be 
I, and the arrangement of connections, is identically the 

in the preceding test by the "deflection*' method, 
ing of the commutators relatively to one another must 
that the galvanometer is not reversed exactly, or even 
rly midway between I wo consecutive reversals of the 
since, with the former arrangement of the two, no 
ill the resistance of any of the arms of the bridge can 
iknce the a. •^^ --- <w 



elf'induction 
^thesecohm- 
id the more 
e comrauta* 
»laced in this 
position, the 
sill be the 
^, a constant 
g on the re- 
litions of the 
nutators, and 
the larger the 
Ip 
RS ^ 
R^+S + ^ 
balance for 
alnes of L 




ttons. 




Fig. 88. 
-(i) Connect up the requisite apparatus as 



i 
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indicated in Fig 88, the motor circuit not being shown, and adjust 
the spot of light to about zero, 

(2) Make P = Q = about the resistances /, if possible, and 
accurately balance the bridge for steady currents in the manner 
indicated in Obs. (3) and (4) of the preceding method. 

(3) Drive the secohmmeter at some convenient constant 
speed so that the commutators make N revolutions per minute, 
and adjust the resistance of the arm ad so that there is m 
deflection on G, and note the values of R and S to do this. 

(4) Repeat (3) for several different speeds and E.M.F.'s of B. 

(5) Determine the value of K for some convenient and known 
speed «, experimentally, by replacing the self-induction to be 
measured by a kmnon standard of self-induction L^ such as 
Ayrton and Perry's, shown on p. 263, and then repeating (2) and 
(3) above, whence — 



^_ ^'(r + s + ^')^^' 



where p., R, S, and /, are the values given by I^, and //,. 

NoTK The speed // should be fairly high, so as to make p 
lar^'c. 

(6) Calrulate the required self-induction L from the formula— 

I^=-r^^ X^XK 

RS ;/ 

R + S+'' 

where all the symbols, except K, are those pertaining to the 
unknown self-induction. 

Tabulate )our results as follows: — 



sccohins ; u» = rtvulutions per minute ; constant, K, = 

P = g = ohms. 



lii'luiiiun R s / : Revolutions per I Sclf-inductto*- 



Inferences. — Prove the formula given in (6), and state any 
assumptions made in obtaining it. 
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112. Absolute Measurement of Self-induction 
■ (Maxwell -Rimington Method), 

Introduction-^The following is Mn E. C Rimington's 
modifications of the ongmal method proposed by Clerk Maxwell 
for measuring a self-induction in terms of the capacity of a con- 
denser. It has the advantage of being a " zero*' method, and of 
ol rating a succession of adjustments necessar)^ in working the 
origiiml method. 

Apparatti5. — Standard condenser, C, of known capacity^ 
preferably a variable one {vide p* 354); self-induction, L, to be 
measured; sensitive ballistic galvanometer, G {vitte p, 283); 
spring tapping-keys, Ki, K^ ; adjustable non-inductive resist- 
ance boxes J P, R, and variable slide resistance, S ; some 
convenient potentiometer resistance, Q, fitted with a moving 
plug contact capable of making contact at any point, N, of Q ; 
battery, B, 

NoTEs,^— Since the effect of C and L is to increase the ^* time 
•octants" of the circuits ba and cda respectively, thereby retard- 
ing the rise of potential at a to its maximum value, the difference 
II ffi die rate of rise of currents may cause G to deflect, even though 
C and L are accurately balanced on the bridge. To avoid this 
ilifliciiltyj the periodic time of vibration of G should be sufficiently 
l3j;ge, and not less than about 4 or 5 seconds, so that the inductive 

k anions may settle down before G 
b3s lime to move. 
If the ohmic resistance of L is 
amll, it may be banked up with an 
auxiliary non-inductive resistance in 
series, but in al! cases / ^ resistance 
of the arm cd. 

ObservaUons. — (i) Connect up 
file above apparatus as shown in 
f%g. 89, and adjust the galvanometer 
ta 2ero roughly. 

(2) Make PQ and R + S comparable with /, and finally 
•^* balance the bridge '* accurately for steady currents in the usual 




'\W^y 



B 
Fig 



89. 
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way by pressing Ki first, and a second or two after Ku S 
used to obtain a delicate adjustment. It will be noticed 
does not affect this balance. 

(3) Without altering anything, and keeping Q consl 
magnitude throughout, alter the position of N such t 
inductive throw operates on G on making Kg first and tl 
and note the value of r. 

(4) Repeat (2) and (3) for the same value of C, but witl 
four different values for Q ; and again for the same valu< 
but with about four different values for the capacity C. 

(5) Calculate the required self-induction L from the for 

L = C^ r* secohms 
and tabulate your results as follows : — 



Induction 
tested. 



Capacity, C. 



Q. 



Self-indocdc 
L. 



Inferences. — Prove the formula given in (5), and st 
assumptions made in deducing it. 



113. Absolute Measurement of Self -indue 

Introduction. — The following is a modification of P 
A. Anderson's method of determining a self-induction in t 
the capacity of a condenser. It has the advantage of 
" null " method, and of avoiding any succession of adju 
which would be necessary in disturbing the balance foi 
currents in order to balance those due to the inducti 
capacity. If the ohmic resistance / of the self-induction 
it can be banked up by means of a non-inductive resist 
series ; / then will be the resistance of the combination, 
be necessary in certain cases to use a ballistic galvanon 
considerable periodic time for reasons given in the pr 
method, though in most cases an ordinary Thomson 
galvanometer is suitable. 
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^paratus. — Standard condenser, C, of known capacity, 
preferably a variable one {vide p* 354) ; self-induction, L, to be 
incasyred ; sensitive galvanometer, G {vide p* 384) ; spring tapping- 
bys, Kj and K^; batteiy of about ten fairly good Leclanch^ 
cells, B; four adjustable non-inductive resistances, P, Q, R, and 
% in lieu of which two P,0. resistance bridges can be made 
to do. 

Observations. — (i) Connect up the apparatus as shown in 
Fig, 9o» and adjust the galvanometer to zero roughly. 

(2) Make S = O, and with the remaining resistances " balance 
the bridge" for steady cur* 

rents in the usual way by 

ptessmg Kj firsthand then K. 

as^xind or two aften Note 

ihe values of P, Q, and R. 
— (3) Make C a suitable 
Jipacity.and adjust S so tliat, 

^ pressing K^ first and then 

J^i, there is no deflection on 

G. Note the value of S. It 

IS lo liu noticetl that altering S does not affect the balance 
^tained in (2), neither does the presence of C. 
■ (4) Rej>eat (2) and (3) for about six different values of 
^padty C, two of the three resistances, P, Q, and R, taken as 

Proportional arms, being preferably equal in each case. 
(5) Calculate the lequired self-induction L from the formula — 

L = C(P/ + RS + S/) secohms 

C being in farads and all the resistances in ohms, and tabulate 
your results as follows : — 




/'l-B-N'l-H 



B 
FiQ. 90, 









"^'SSS: 



»c 



Inferences* — ^Prove the formula given in (5), and state any 
options made in deducing it. 




Self-induetion 
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114. Comparison of Two Coefficients of Self 
induction (Maxwell -Nlven Method). 

Introduction. — The following is a modification, due 
Professor C. Niven, of Maxwell's original method for comparir 
two unknown self-inductions for the purpose of merely getting tl 
ratio or of finding the absolute self-induction of a coil in teni 
of a standard self-induction by comparing the two together, 
has the advantage of being a ** zero " method, and of avoiding tl: 
repeated adjustments of the resistances of the arms of the bridj 
in balancmg the inductions after the balance for steady cunen 
has been obtained. 

The standard self-induction may conveniently be the adjui 
able one devised by Professors Ayrton and Perry, shown 
Fig. 122, p. 263, and a description, together with calibratic 
curves, there given. 

Apparatus. — Standard of self-induction, L,, and ohm 
resistance, /, ; self-induction, L2, to be measured of resistance, i 
known standard non-inductive adjustable resistances, P, Q, S, f 
and Ra ; spring tapping-keys, K^, K2 ; battery, say of about t< 
fairly good Leclanche cells, B; ordinary galvanometer, G, of hij 
sensibility {vide p. 284) ; plug key, K, for short-circuiting t 
self-induction L,,. 

Note. — It may, in cases where L^ is small, be found necessa 
^ to bank its resistance up by i 

serting a suitable non - inducti 
resistance in series with it in t 
part bx, when /j will represent t 
total resistance. 

Observations. — (i) Conn 
up the apparatus as shown in Fig. 




<> \ up me apparatus as snown in r ig. 

\'\^yyV\*'^^^^^y^ roughly setting the galvanometer 

^ to zero. 

Fig. 91. 

(2) Make P = Q if convenie 

and plug up K. and K so that these branch portions have no res. 

ancc ; make S = infinity, then adjust R,, and, if necessary, P a 

Q again, so as to balance the bridge for steady currents 
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pressing Kj first and then Kg, and note the final values of Ri, Q, 
and P. 

(3) With S still infinity, unplug K, and adjust R^ (only), so as 
still to preserve balance for steady current, as in (2). 

(4) Now adjust S from infinity to such a value that, on press- 
ing K, first and then K„ there is no deflection on G due to 
induction. 

(5) Repeat (2)-(4) for some six different values of the 
standard self-induction Lj, and calculate the required ratio of self- 
inductions and the value of the unknown from the formula — 



L,_Q(S-f R,-f/.) 
L," SP 

Tabulate your results as follows : — 



Sumdard self-induction, Li, at ° C. ha<» an ohmic resistance, /i, = ohms. 

Induction ' ' 



««i. ; •'• I *^- I ^- I •*'• 



Li. {"• ! I* 

i ' 



Inferences. — Prove the relation given in (5), and state any 
assumptions made in obtaining it. 



115. Comparison of Two Coefficients of Self- 
induction (Secohmmeter Method). 

The sensibility of the preceding Maxwell-Niven method of 
comparison can be increased by using the secohmmeter described 
^P' 259. Its function is merely to perform the work of K, and 
\ in Obs. (4) of that method, and to increase the sensitiveness 
of the balance for induction currents. The points b and d are 
connected direct to terminals " bridge " on the battery side, and 
^'jf to bridge on galvanometer side of the secohmmeter, while B 
^ G are connected directly across terminals marked " battery " 
^ "galvanometer" respectively. The secohmmeter can be 
motor-driven, as in Fig. 1 19, at any speed which need not be known, 
and the greater it is the more sensitive the test ; the rate of reversal 
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must not, however, be too great for the currents to reach their 
steady values between two consecutive battery reversals. The 
method otherwise is exactly the same. 

Fig. 92 shows diagrammatically the arrangement for com- 
paring two coeflficients, Lx, Lg* of self-induction by means of 
the Wheatstone-bridge-secohmmeter method, whai only a P.O. 
VVlieatstone bridge is available. The diagram practically explains 
itself, in which the two commutators, BC and GC, are shown 
symbolically by the cross-line arrangement The standard self- 
induction Lj {vide p. 263) is joined in series with some convenient 
form of slide wire and contact and the adjustable arm of the 



H|l|l[ 

-O O* ■ 

.^ o -. -— ^ 



< « I I < 



_^_( -4-4-4-4— 
tilt -1-^ 




Fig. 92. 

P.O. bridge, by which a perfect balance, and not one correct to 
T ohm only, can be obtained. 

The ratio arms are given some convenient values, and the 
bridge balanced for steady currents in the manner already de- 
scribed. The secohmmeter is then rotated, and La adjusted to 

again give no deflection, when we get - = ^. 

L»2 f'2 

To save time, turn L. to its extreme positions ; then, if, on 
rotating the secohmmeter, deflections on each side of zero 
respectively are obtained, a balance is possible at some inter- 
mediate position. If both positions give deflections to same side 
of zero, then either /„ r^ must be altered, or an extra standard 
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116* Absolute Measurement of Mutual 
Induction (Carey- Foster Method). 



leif-inductor added to L^k. in order to obtain balance, in which 
it% that for steady currents must be fwbfauwd. 
Note.— In this and all similar rests the self-inductions must 
'ke m placed that they do mi qfftci one another or the galvano- 
I meter. 

B Introduction. — The following is a method, devised by 
p WessoT Carey Foster, for measuring a coefficient of mutual 
induction absolutely in secohms in terms of a capacity. It has 
the advantage of being a ** zero " method, and fairly easy of 
iMnipulation, 

Apparatus. — ^Sensitive reflecting galvanometer, G, of con- 
siderable periodic time i^udc p. 285) ; standard condenser, C* of 
bowTi capacity of a variable 
tj'pe, preferably similar to that in 
% 223 ; non-inductive known 
variable resistances, R, S; fairly 
good battery of Leclanch(^ cells, 
fJ; spnng tapping-keyj K; coils 
^f mutual induction, M, to be 
ttstcd, and of ohmic resistances, 
? and Q respectively. 

KoTES.^^It should be pointed 
^ that the figure does not represent a Wheatstone bridge 
anangement. 

If there is leakage between the primary coil P and secondary 
% a small permanent deflection of G will result when K is 
''nade/' This can be discarded, and only "kicks '' looked for* 

ir the mutual induction apparatus consists of a transformer 

I a substantial iron core, the " time constants " for the capacity 
mutual inductions will probably be very differentj the con- 
er discharge giving a throw in one direction, and M a kter 

0^ m the opposite direction. For this reason G should have 

tiirly large ** periodic time *' of vibration, so as to enable the 

P 




B 




lie "ocxiau LHJCDTcai LiStiJi^. 

naurrrrp- md 'aoaciry tafects :o riettte iowa ■)e£ore G !hb i 
nance :o Tiovir. .uid :aereoTr maniing -l 'jaiance na be ibaiDed 
vrm ess .iimcuinr. 

riie nose sensinre irmngemenr )r :he rcsstances will i>e 

?Ptaineti vnen . " . = -3— '-5? '^'tiK^ ^r ind B = ^vanoimSff 

in*i -atterr ircsistances -especmreiy. 

(MiKrvaciOTBL — ri Cjnnecr jp ±e above ipparana as 
-rn>wn n t'su 13. TnirmT -are mat ±e secondary coil O is so 
•ouDied. ID 'Hat :tie .mincnon *nrow 'ioe :o ir is ji die oppoatt 
iiremon :o :ne -nTMcrrv tnrow. Adjust vj na lera roughly. 

J J Aiiiust ^Z :o somcr soioble value, and rtnai vary R or i 
^r ^nttL so tiat in 'makinic ' iTiii "jreakinif die primary crnut 
n- Tieans 3f Z. nn "'kick * is ibserved on <j. 

y, Repeat ^' :br a «nt:a h values jf C Mm rfiti laigeS 
ii^\¥^ivanis. rrh a -antabie nnmber of vieils ibr B. 

-L. tZ^cTTJare ±tr -^.luired mnmai inducdun M ttom iIk 

if = CR.S — «^> secabms 

in«t Tahuiare ;• oiir nt>Tiits as rbilows — 



3 - ^ . Macalffliaciio". 



- R.-^Trn- r—x -^.n :i:e ;:osit2ons y^i the two coils inter- 
■ '.A :.'£'■/',, 

Inferences. -Pr.'-e the reLiiijr. ^ven in 14). and sute aof 
'^^^ ;.v.prion> made ir^ deduciru ::. 



117. Comparison of Coefficients of Mutual 
Induction (Maxwell's Method). 

Introduction.— 'J'he method, which is practically that origi' 
nally proi>osrfl hy Clerk Maxwell, enables either the ratio of tw'^ 
» <M ffi« icnts of nnitual induction to be found, or one measured 
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absolutely in secohms in terms of a standard coefficient of 
mutual induction. It has the advantage of being a "zero" 
method, and is strikingly analogous to Lumsden's or Bosscha's 
zero method of comparing E.M.F/s. In fact, it is the two 
secondary induced E.M.F/s of the two mutual inductions that 

are compared when the same current is "made" or broken in 

their primaries. 

Apparatus.— Sensitive fairly high-resistance galvanometer, 

G; adjustable non-inductive resistance boxes, R„ R^; suitable 

battery, C; spring key, K; the two mutual mductions to be 

compared, Mj, Ma, of which Pi, P^ are their primaries and Sj, Sa 

their secondaries of ohmic resistance, ri, r%. 

Note. — Mi may be a standard of mutual induction of the 

form shown in Fig. 122 (p. 263), with slight modification. 

Observations. — (i) Connect up as in Fig. 94, so that the 

induced secondary E.M.F.*s 

are in series and help each a 

other. Adjust the galvano- ^ 

meter G to zero roughly. 

(2) Make R, = some suit- 
able value, and adjust Ra, 
so that on "making" and 
"breaking" the primary cir- 
cuit with K, no deflection is 
produced on G. 

(3) Repeat (2) for different values of R„ Ra, and also with 
increased E.M.F. at the battery C, and for different values of the 
standard. 

(4) Compare the mutual inductions, and find the value of the 
^fflknown from the relation — 

Ml ^ RiJ- ry 

Ma Ra "4- ^a 

and tabulate as follows : — 




Fig. 94. 



ohms at 



^C.;r,= 



ohms at 



'C. 



iBdoction 
tttted. 



R,. 



Ra 



Standard, 
M,. 



M, 

Ma 



M,. 
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(5) Repeat (2)-(4} with the primarj' and secDndtry of boi 
Mi and Ma mterchanged in position* 

Inferences.— Prove the rektion given in (4), and state in; 
assumptions made m obtaining it. 



118. Comparison of Coefficients of Mutual 
Induction (Secohmmeter Metiiod). 

Introduction. — Thi^ method is merely a sHght modificaiioti 
of the last for increasing its sensitiveness by using the secoto- 
meter and dispensing with K. The nature of the action of this 
appliance is stated on p. 259, and the general arrangement for 
driving it by a small electro-motor is shown in Fig, T19. 

In other respects the present test is identically similar to '^ 
last, and the secohmmeter is connected up as follows : Connea 
the points a and ^ to terminals marked " bridge * on the galvano^ 
meter side of the secohmmeter, and A and B to those marked 
** bridge " on the opposite side. Place G and B directly acrtss 
their respective pairs of terminals, and dispense with K. 

The speed at which the secohmmeter is dnven need not be 
known, but the greater it is the more sensitive the test ; the mtc 
of reversal must not, however, be too greai for the ourents to 
reach their steady values between two consecutive baitcfy 
reversals. 



119. Absolute Measurement of Mutual In- 
duction by Hibbert's Standard Maf 
^^ neto^inducton 

^^P introducUon. — 'fhe following ballistic or *• deflection' 

W method readily cfmbles a coefficient of mutuaJ induction to be 

I determined in absolute measure or otherwise. It involves the 

I use of a standard of magnetic induction, a cmiventem form of 

■ which is that devised by Mr. W. Hibbert, and d^cribed in ^ 

I Api»endix (p, 358). 
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Apparatus- --Mutual induction arrangement, M, to be tested \ 
sensitive ballistic galvanometer, G {vide p. 286) ; standard in- 
ductor, I ; standard known resistance box, r; suitable current 
memrer, A (r/^if p, 274) ; reversing key or switch, K {vide p. 329) ; 
batten*, preferably of secondary cells, B {vide p. 337) ; variable 
rheostat, R {vidv p, 308), 

Observations. — (1) Connect up as shown in Fig. 95, prefer- 
ably arranging so that I and M both deflect G individually in the 
same ciirection, AtljtJSt the gal- 
vanometer G to zero. 

(3) Close K, and adjust the 
current on A to the maximum 
value which it may have, and 
ihen the resistance r to such a 
value as to obtain a full- scale 
*' throw" an G on suddenly re- 

ing the current by K, Note 




^liiis 






Fjg. 9S* 

this throw^ di scale-divisions and the current on A reversed. 

(3) With K open and r as in (2), slip the inductor coil, and 
note the throw d-, soile-di visions on G. 

(4) Repeat (2} and (3) for about ten different values of A, 
^ktieasinj; regularly to the lowest convenient. 

(5) Repeat (2)-(4) ^'ith the positions of P and Q inter- 
changed. 

(6) Calculate the coefficient of mutual induction M from the 
fonuula^ — 

Kd, 



M = 



2A^j 



i 



them K = the constant of the inductor = N;i, N being the total 
number of lines of force cut by the ft turns of L 

Note,— Since the secondary circuit resistance is kept constant 
^^cb separate pair of deflections di and d^ it has not to be 
^^ed for. 

The constant K being in C.G.S. measure, A, if in amperes, 
^list be expressed in similar measure by multiplying the numerator 
M b]f ten, whence M will be given in centimetres or absolute 

It the secondary circuit resistance cannot be kept constant 
^ *ach pair of observations, {2) and (j), let Ri and Ra be 
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its total resistance corresponding to d^ and d^^ respectively. 
Then — 

Ki/,R, 



M = 



z\dj^ 
Tabulate your results as follows : — 



Inductor ; Corns «• = of resistance ohms au ^ C : resustance of primar)'* P> - '• 
flax. N. = C.G.S. lines : resistaDce of seooodary-, S, = 



Induction 
tested. 


Throws. 


r. 


Total resistance. 


Current, y 


A- dt. 


Ri- 1 Rj. 




1 




1 
1 


1 

1 



Inferences. — Prove the relation for M given above, and state 
any assumptions made in obtaining it. 



120. Determination of the Laws of Combi- 
nation of Self-inductions in Parallel. 

Introduction. — The present test is arranged i^ith the object 
of determining the way in which the " combined " or " equivalent" 
self-induction of a number of individual inductions varies for 
different series and parallel combinations of the latter. The 
problem has an important bearing in certain branches of electrical 
work, especially in connection with alternating currents of elec- 
tricity, and therefore attention is directed to elucidating the effect, 
and generally the somewhat vague notions of how self-inductions 
combine. The self-inductions to be experimented with may 
conveniently consist of four coils, I.-IV., exactly similar to each 
other in size, form, number of turns, and resistance, and similar 
to that illustrated in the Appendix (p. 265); two different coils, 
V. and VI., should be available to combine with these four, so 
as to produce unsymmetrical combinations as well. The self- 
inductions can be measured by one of the preceding methods, 
say, that on p. 205, and when measuring combinations, care must 
be taken in placing them in such positions as to avoid mutual 
induction effects between them. 



r 
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Apparatus- — All that mentioned in this method and, in 
adc^ition, the self-inductions as suggested above. 

Observations. — (i) Measure the .self-induction L and re- 
sistance R of each of the coils I.-VI. separately. 

(2) Measure L and R when they are two, three, four, five, and 
sL3C in series. 

(3) Measure L and R when I. and II., III. and IV., I. and 
v., and II. and VI. are in parallel. 

(4) Measure L and R when I.-IV. and I., II., V., and VI. 
zx"^ connected two in series and two in parallel. 

(5) Measure L and R when I.-III. and I., V., and VI. are 
torce in parallel. 

(6) Measure L and R when I.-IV. and I., II., V., and VI. 
are four in parallel. 

(7) Measure L and R when I.-VI. are all in parallel, and 
tabulate as follows : — 



Combination 
of induc- 


Capacity. 


P. 


S. 


Resistance, /. 

R. L, .._ 
Found. 1 Expected. 


Self-induction, L.' 


tions. 


Found. 


Expected. 






1 





Inferences — State clearly all that can be inferred from the 
above test. 



APPENDIX 



Mas^netic Moments of Magnets. 
Deflection Method. 

Solution of Inferences.— /I. Position,— h^x. the horizontal in- 
tensic>* H of the earth's field act parallel to the needle ns in its 
position of rest. Also let the force F of the bar magnet, whose length 
= 2/, on one of the poles of the needle be always at right angles to 
this position of rest ; therefore F = »iiH tan 9 on either pole of the 
needle. Now, by the law of " inverse squares," the force exerted 

between two magnetic poles of strengths ///„ tn^ = ^l!^ dynes, where 




d = distance between them in centimetres, which force is a mutual 
attraction if the poles are of opposite kinds, and a repulsion other- 
wisp ; 

Therefore force exerted by N pole on one pole of the needle = — J-, 

yd - iy 



and 



S 



{d + lY 

where m = strength of magnet's poles, and m^ that of the needle's. 
But these forces act in opposite directions on the same pole of tts. 
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Hence resultant force F of the magnet on either pole of the 

needle = ?^'- ■ -^ggL = _?^i4^ = ^ h tan 9, 
Kd-rf (d^lf sd^'-Pf 

But m - —. and equating either the forces or couples acting — 
2/ 

Then ^— - = H tan • 

and /. M = ^^-"^H tan 

Assamptions.— ;r That the poles of the magnet are at the ends, 
and therefore at a distance 2/ apart. 

v2^ That the length 2/ is ver>- large compared with the length 
of needle, so that the mutual forces between the magnet are all 
parallel. 

v3 That the forces are unaltered in magnitude by the deflection of 
the needle. 



Deflection Method. 

Soliitioo of lofereoces.— /^. Pitsi/iom. — Let the horizontal in- 
tensity H of the earth's held act parallel 
R Hn' ^<> the needle fts in its position of rest in 

^t"4lf/. »P the magnetic meridian. 

1/ Also let 2/ = length of the bar magnet 

:-f r Ns. 

p^ J^j^ L - A = length of the needle, 

'\ ;;\ "^ ' w = strength of either of its 

V^l ; poles, 

.' ItaJ ^ m. - strength of either of the 

' \ *^^ needle's poles, 

J \ ./ = distance between centre 

i \ of needle and magnet, 

\ F = resultant force acting on 

\ ojcausing a deflection 6, 

H ■ \5. i. Then, since the distance of either 

pole of the magnet NS from the needle 

= s'.:'^ -^ -^^ by :he law of in\*erse squares 

'.ve see the force ejteited between either mag- 

^* ''• ^*' r.ct jx^le. and s.iy the s pole of the needle. 



R 



icthcr it .ittraiTt'.cn i^r repcision. 



{fP-i-p-i 
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But these combine to an equivalent single F acting parallel to NS, 
which pulls the s pole of the needle counter clockwise. 

Hence F = * — - 

{d^ + /«)* 

which is the same force acting in the same direction on n. 

Therefore couple acting on needle = ^^ ^1^ 1 ^^^ due to magnet, 

(rtf2 4- /«)' 
and couple acting on needle = //I1H2/1 sin 9 due to earth's magnetism ; 
and when the deflection B is steady, these couples just balance. 

« / Tjr • ii tmlnitZL cos 
Hence m.zL^ sm B = J — L — 

(d^ + P)^ 
orHsine = J^L^ 

/. M = (/f^ + /2)*Htane 
where m2/ = M, the magnetic moment of the magnet. 



Vibration Method. 

Solution of Formula.— Let the magnet be deflected from its 
position of rest in the magnetic meridian, through a small angle 9 ; 
then the horizontal component H of the earth's fleld exerts a torque, 
tending to bring the magnet back to its original position of rest. 

Now, let m = the strength of each of the magnet's poles, and 2/ the 
distance between them, and K = moment of inertia about the axis of 
vibration. Then, since a magnet, whose length is large compared with 
its breadth, may be assumed to have two poles of equal strength, but 
of opposite kinds, situated at its ends — 

The magnetic moment M = 2;/// 
and the force acting on each pole = ///H 
therefore the couple exerted by these | ^ ,^h x 2/ sin e = MR sin 
two equal and opposite forces ) 

Now, for translational motion we have force acting = mass 
X accelercttion; and for rotational motion we have couple acting 
= moment of inertia x angular acceleration ; 

whence MR sin = Kw 

where * = angular acceleration. 

Btit the equation of motion for a simple pendulum is — 

^ sin 6 = l^ 

where / = length of pendulum, and g the acceleration due to gravity'. 
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Thus the periodic time of vibration T = 2»v/ - 

consequently, for the magnet T = 2»>v/ — - 

V MH 

on the assumption that is small, say, not more than 5® or 10°, and 

that the motion is one of pure rotation. 

Measurement of Resistance. 
Substitution Method. 

Solution off lnffereiice8.~Let .^ = resistance of the galvanometer, 
and R, r that of the known and unknown ; also let E = E.M.F. of the 
batter)', and b its internal resistance. Then, if C is the current flo^^ing 
both when R and r are separately in circuit, as is indicated by the 
same galvanometer deflection in each case, we have, by Ohm's law— 

E E 

^ "= R"+T+> ^ r^bVg 
Hence R = r (the unknown resistance). 

This is based on the assumption that both E and b are constant 
throughout any pair of readings, which may not be true unless the cell 
has a fairly constant E.M.F. (such as that of a Daniell), and is allowed 
to send only a feeble current by having the external resistance as high 
as possible. 

Wlieatstone Bridge Method. 

Referring to Fig. 19 (p. 37), let V^, Vj, V3 be the potentials of the 
points A, H, and D respectively ; then, when no current flows through 
the galvanometer, i.e. when the bridge is balanced^ and there is there- 
fore no deflection, V.^ will be the potential of the point C also. Hence, 
if C,, C,^, C3, C^ are the currents flowing through the resistances 
^i> f'i^ '1, *\ respectively of the "arms," then, since no current passes 
through (j, we have, by Ohm's law — 

Vx - V, = C,r, = C,r, 
and V, - V3 = C,r, = Q^r^ 

But C, = C. and C3 = C^ 

Hence, dividing up, we have — 

which is the law of the Wheatstone bridge. 
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Differential Qalvanometer Method. 

Referring to Fig. 21 (p. 42), let the shunts and resistances be 
as shown, and, moreover, let E = E.M.F. of the battery, and B its 
internal resistance. Then, if C„ Cj = currents flowing through R and x 
respectively, and g = resistance of each galvanometer coil, by Ohm's 
law we have — 

c =-£i £ 

A n ^a E 

and Co = — T "■^^— — — ■" 

^^+^ r+B+ '^^- 

Now Cj = C, when balance is obtained, and .^ does not deflect, also B 
is the same in both cases, and therefore cancels, then we have — 



St 



Ji + /T -^2 + ^ 



or R(J, + g)s^ = x{s^ + ^>, 

I + ^ 
Hence ;i- = (£i_±^2j. _ _f. ^ 

f2 

If no shunts are used, ^i = 00 and jg = « , and we have — 

;. .r = R 



His:h Resistance by the Substitution 
Method. 

Referring to Fig. 22 (p. 43), let G = resistance of the galvano- 
meter, and B that of the battery. Then, if C, = current flowing when 
R is in circuit and a deflection ^r is obtained, and C^ = current 
flowing when r is in circuit and a deflection //, is obtained, by Ohm's 
law, we have — 

Q = I0/.= 3_ E = ^ ^"^ 

' • S,+ G S„G (S„ -f G)(R -f B) + S^G 

\ + G 
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andC,= K//,= _5l__ E = ?lE 

S, + G ^^B^ S,G (S, + G)(r+B)+S,G 

S, 4- G 

where K = a constant which reduces the galvanometer deflections to 
current units. 

But B will be ver>' small compared with either R or r, and if E 
is constant, we have by di\'ision — 



(S. + G)R + S.G (.S, + G)r+S,G 



whence ^.j r(i + f ) + g| = < jr('i + J) + g[ 

If no shunts are used, then S« = infinity, and also S^ = infinit}*, 
and we have — 

.-. ./,(R + G) = dAr + G) 
and further, if G is small compared with R and r — 
Then ^/^R =d^ 

du. r> 

or r = - f^ 

dr 



Low Resistance by the Potential Difference 
Method. 

Referring to Fig. 26 (p. 51), let C be the current which flows 
through the two resistances R and r in series, and let V and v 
= potential differences across the ends of R and r respectively ; 

Then, bv Ohm's law, C = - = - 

R r 

But the galvanometer dctlections </r and </, are directly oc V and f 
respectively : 

Hence '('' = 'L 
R r 

.-. r = '''^R ohms 
d^ 

In this we assume the current to remain constant in the time taken 
to obsen*e dr and d^. 



Appendix, 225 



Laws of Combination of Resistances in 
Parallel. 

Let there be any number of circuits of resistances A, B, C, . . . 
in parallel between two points, the potentials of which = Vj and Vj 
respectively. Also let Re be their combined resistance, i,e. a resist- 
ance such that if it were placed across Vj, V^ instead of A, B, C, the 
same total current would flow from the battery. 




Fig. 98. 

V — V 
This total current would therefore = ^-?— — ^ 

Re 
V, — V. 

and the cturent through A = — ~ 

A 

That through B = ^— ^S etc. 
B 

But the main current must equal the sum of the branch currents ; 

v.-v, _ v.-v. , v.-v. v,-v. 

Hence —^ ^— + -g- = — ^— + . . . 

.1 I , ' , 1 

••r=a+b+c +• • • 

In other words, the reciprocal of the combined resistance is equal to 
the sum of the reciprocals of the resistances of the individual parallel 
circuits. 



Masmeto-inductor Method. 

Referring to Fig. 27, let M = resistance of the inductor, and G 
resistance of the galvanometer. Then, if the N turns on the coil 

Q 
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of the inductor cut a number of lines of force F of the magnetic field, 
the whole quantit>' of electricity set up in the transient current is — 

NF 
Q = , when K, is closed 

and if Q^, Qj are the quantities which flow when Ri and R^ are in 
circuit — 

^^ ^ NF 

ThenQ, = j^-_^^-j^- 

and Q, = 

^' M + G + R, 

and since </, ^„ and //» are respectively oc Q, Q,, Qj, by division we 
get— 

Qi^'i^ M + G_ 

Q d M + G + Ri 

Q d M + G 4- R, 
and by a well-known rule in proportion we have — 

</i ^ _M +_G ^ M 4 G 

'//-//, M 4-'g +"R, - M - G Ri 

d^ M + G 

^^^^^-^, = -R, 

R, _ d - d, d., 
''' R, " d -d./d] 



Measurement of Very High or Insulation 
Resistance (Loss of Charge Method). 

Let V.^ = P.D. first used to charge the condenser at any instant 
with a quantity Q of electricity, which may be taken as proportional 
to the deflection on the electrometer. Then, if C is the capacity of the 
condenser, we have — 

_, ,/Q _ rfV., 



Now, — \, - rate of loss of charge = current flowing from one coat- 
d/ 

ing to the oiher. Hence, by Ohm's law - 

_./Q^V, ^ ^ dV, 
dt R dt 

••^7// ^R =^ 
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and integrating, we get^ 



log V2 + o7- = A, a constant 

If now the P.D. falls to V, from Vj in / seconds, the constant A is 
found by putting / = o, whence A = log V, 

/. ^ = logV,-logV, 
orR = 




Measurement of Qalvanometer Resistance. 
** Equal '' and " Half" Deflection Methods. 

Solution off Inferences.— These will be found under the similar 
headings for the internal resistance of batteries, and the solutions of 
the inferences connected with them. 



Thomson's Method. 

The solution of inferences in this method is practically given in 
those for the Wheatstone bridge (p. 222). 



Logarithmic Decrement Method. 

Let Ai, Aj, and Xg be the logarithmic decrements of the galvano- 
meter when its terminals diVG/ree, short-circuited^ and joined through 
a resistance R respectively. 

B 
Then x, = A 4- ^"T"^ where R = 00 



B 



also = 00 , hence a, = A 

B- 
Aj = A + 



B 



= Ajj - A = Aj - Aj, or B = ^(A, - Ai) 
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^s = A + 4- 

B 
•'• R 4.^ = ^« "• '^ = ^» - ^i» or ^ = (R +^)(^s - ^) 

where A and B are constants which can be eliminated as above, and 
g is the required galvanometer resistance. 
From the above we therefore have — 

^<A, - A,) = R(X3 - X,) + g{\^ - A,) 

... ^^A, - aO - giK^ - Xy) = R(A, - A,) 
.'. K{\ - \i) = R(A3 - Ai) 
A, - A. 

Hence;?- = 'R ohms 

A^ — A3 



Internal Resistance of a Battery. 
Half-deflection Method. 

Solution of Inference. — Let E = E.M.F. of the batter>' of in- 

ternal resistance B, and G = galvanometer resistance. Then, 9 Rj, 
Rj are the box resistances corresponding to deflections r/, and d^ re- 
spectively, we have, by Ohm's law — 

E 
^''^' = Rr+B + G 

and Kd., = - - 

- R, 4- B + G 

where K - constant which reduces the deflections to amperes. 

Hence since </. = Id^ 

. 1 - . -^ - - = .E_ 

* - * R, -f B + G Ra 4- B + G 
or B = R, - 2R, - G 

If G is shunted by a shunt of resistance S, then its effective terminal 

SC 
resistance will = ' ' which must therefore be used instead of G 
S + (x 

in the above relation. 
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Beetz's Method. 

Referring to Fig. 38 (p. 82), let the current flowing through the 
cell B to be tested = A at the moment of exact balance. Then, since 
there is no current through G, we have, by Ohm's law — 

E 



A = 



and A = 



B + ri + r. 



where E and c = the E.M.F.'s of the cells having internal resistances 
B and h. 

E _ B + r| -f rg 
" e ri 

and if r/ and r^ are the resistances for any other balance, we have — 
E^ B+r,' -fr; 

c ' r[ 

B -t- rt -f rg _ BJ- r/ + r/ 



or B = 
E . 






r. - r, 



ohms 



E 
It is here assumed that - is constant, which cannot quite be true. 
e 



Fall of Potential Method. 

The solution of the inferences will be at once obvious by reference 
to Fig. 99. 

Let the ordinate OA re- 
present the E.M.F. of the 
cell, and let OB be the total 
circuit resistance. Then, if 
we set off OD = B, the in- 
ternal resistance of the bat- 
tery, draw DN perpendicular 
to OB and NC parallel to 
OB, we see that AB represent 
the fall of potential all round p,^ ^ 

the circuit of total resistance 

OB = OD + DB = B + R, where R = the resistance external to the 
celL 
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Simifafflv. AN is iIk £dl dovB tibe iatcfittl resistance B of the cell 
Nov. eridoth- DN is tiK P.D. V at tiK tcrminak of the c^ which 
sends a cinrreat C through the eitfnnl resistance R. Hence the P.D. 
taken op in the ceO hself = OA - OC = E - V. Hence, b>- Ohm's 
Uw— 

E = CB + CR = OB + R) 
and V = CR 

■^ ~ R B^R 

E - V 
Hence B= — R 

or thoSfe by similaiitT of triangles — 

XD:DB = AOIOB 

V : R = E : B - R 

» E - \' ^ 
or B = - - R ohms 



Internal Resistance of Thermo-electric 
Generator. 

Manitesth trocn the tocv^coin^ nfAiocin^ wi? have — 

.> l^ - V,, E - \- 
Henc^ B=---K= ohms 



Internal Resistance of Batteries 
(Mance's Method). 

Solntioa of Inferences^— L^ :he currents and resistances of the 
r. 5 be AS shc»Ti :n Kt^:. :oc. Fh^r, by Kirvrhhoffs laws, m-c have — 

/. = C — .\ . . 2^, 

* ^ = • * • 3^ 

• = ^ * • • 4^ 

E = . •- - j-fT, - CR 5> 

c = .^^ - . r, - CR 6^ 

o = -y^i -* .\^ - -^ .7) 
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Then from (6)— 

f«r4+ r^r, _ E - c^Ty^ - c^r^ 
" R " R 
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C = 



(from(s)) 



and C = (from (2) and (4) ) 

.-. RC = (rs - C)r, + (^, - C)r, 

Hence C = '»^^ "*" ^'^« = ?J:ii:i^'_r_^»':3 ^ Er, + ^^,r, - r^,) 
R + ''i + '•4 R r,(R + r, + r,) + Rr, 




Fig. loa 
Now the condition that C is independent of r, is that — 

But if C be independent of r,, it must also be independent of t\ 
because any alteration of c affects c^ ; 

when the ciurent through the galvanometer is independent of r. 



Internal Resistance of a Battery. 
Condenser Method. 

Referring to the proof of formula in the fall of potential method. 

V E S 

we see at once that - = -, or V = • E. 

S B + S' S 4- B 

Hence, if </„ </, are the first throws on the galvanometer when the 

condenser is charged by the E.M.F. E and P.D. V respectively, we 

have — 

or B = S '-'^' ~ '^' ^ ohms 
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Electrometer Method. 

The proof of the formula for this method is obtained in exactly the 
same manner and with the same reasoning as has just been set forth 
for the condenser method. 



Equal Deflection Shunt Method. 

Solution of Inferences.— Case I.— If the battery- of resistance B 

is shunted by a shunt S, then its terminal P.D. will be . E, where 

S + B 
E = its E.M.F. ; and the current flowing through G will thus be 

. oc d. 

S 4- B R + G 

When no shunt is used and the box resistance = Rj, we have the 
E 

galvanometer current -■ a d, since the deflections are 

K, + G -f B 

equal. 

E _ _^ . E 

*• R, -f- G4- B " S 4- BR + G 

Hence B = A(K_._:J^ 
(R 4- G - S) 

But S will be small compared with (R 4- G), so that (R 4- G - S) 
sensibly = R + G. 

. j^ ^ S(R, - R) 

R -h G 

Case II. — With the galvanometer shunted we have — 

S E 

The deflection </«:., ^ • ^., 

o 4- Cj oG 

'^ + « + ^T7; 

and unshunted— 

R, 4- B 4- G 



I S 

Hence 



Hence B = ^^^^Z^ -^^^^^ - R 
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Thus, if the galvanometer is heavily shunted, R will be small, and 
may even be = o. 

. jj ^ (R. -R) ohms 
G 



Comparison of Electromotive Forces. 

Equal Resistance Method. ^ 

Solution of Inferences. — Let Aj, A2 = the currents produced by 
two cells of E.M.F.'s Ej, Ej, and internal resistances ^1, ^.^ throw an 
external resistance R in the resistance box and G in the galvanometer. 
Then, by Ohm's law, we have— 



A, = 



E, 



R + ^, + G 



and A, = ;::^ ; 

^ R + iJ. 4- G 



where the galvanometer is assumed to be used unshunted. 



Hence 



E, __ A, R -t- <^, 4- G 
Eg ~ Ag R + ^2 + G 



(I) 



but if (R + G), which is constant all along, is very large compared 
with ^1, b^ then R + ^1 + G will be very nearly = R 4- ^^ -f G, 

J El A, d^ 
and :,~ = -T- = — ver>^ approximately 

J_«2 ^^2 2 

Assumptions. — {a) That b^ and /^^ are so small compared with 
(R + G) as to be negligible. 

ip) That the currents are proportional to the deflections, which is 

very approximately true in D'Arsonval and reflecting galvanometers, 

tan ^1 sin d| 

but in " tangent " or " sine " galvanometers 7 or - — , instead of 

tan d., sm 0.^ 

^1 
.-, as the case may be, must be used. 

The disadvantages of the method are that the " law " of the gal- 
vanometer, i.e. the relation between current and deflection, must be 
known, and again, that the E.M.F.'s of the cells might var>' owing to 
their sending a current. 
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Equal Deflection Method. 

In the relation 'i) above we have — 

and if (^, + G) and {b^ + G> aie very small conipared with R, and R|, 
tht7 can be n^Iected, whence we have — 

E, R, 

This method has the advantage over the last m that, since the 
dcHcction is the same in both cases, the law of the galvanometer has 
nut to be known. It has the disadvantage of the liability of alteration 
of K.M.F. through the cells sending a current. 



Wiedemann's Method. 

Lot A, and A^ be the currents flowing through R when the E.M.F.'s 
I'., aiul Kj arc assisting and opposing one another respectively. Then, 
\\ '■,, /'., and CJ are the resistances of the batteries and galvanometer 
tcspc^ lively, wc have, by Ohm's law — 

A =— JiL±A_ 
' R + ^, + ^, + G 

""'^^»=R+^ + *, + G 
Hence ^' = ^-^ l^ = ''' 

\v'», l>y .uUtiiijj nuincrator and denominator together on each side, 
«v <<.i .'K| - ./, + </,, and by subtracting them we get 2Ej = d,-^ 

I W method has the advantages that all resistance is eliminated, 
.'u; iheutoie neither R, that of the cells or galvanometer, need ^ 
■.M.u\M. itul that owing to R being necessarily high in order to keep 

K ill iliv lion ./j on the scale, the current given by the cells is ven' 
." ill. \\\k\ hen<.e the polarization also. 

I I h.is the ilisadvantage that the current flowing through the cell 
•1 xN. iWii K.M.F. in the Zi'rc///^'' direction is liable to alter its E.M.F. 
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Wheatstone's Method. 

Let E„ E, be the E.M.F.'s of the two cells of internal resist- 
ances h^ and b^ and let R«, r, be the respective resistances through 
which they send equal currents //,, and R, r be the respective 
resistances through which they send equal currents d. Then, if G is 
the galvanometer resistance, we have, by Ohm's law ~ 

d = ^1 - _ ^2 
• R. + ^1 + G r. + ^2 + G 
E, E., 



and // = 



R + ^i + G r + ^, + G 



Whence, if (^1 + G) and (J>^ + G) are small compared with R, R, and 
r, r#, we have — 

El = E2 

R. r. 

. E, _ E, 

and — - - 

R r 

. .^» = ?-- ^^ 
"Eg r - ro 



Lumsden's Method. 

Refenring to Fig. 47 (p. 95), let Ej, E^ be the E.M.F.'s of two cells 
ha>Tng internal resistances ^„ ^j, in series with the external resistances 
R and r. If A = current flowing round the circuit when G does not 
deflect, we have, by Ohm's law — 

E, f: A(R + b,) 
and E, = A(^- 4- ^2) 
E, _ R + ^ 



And if *„ h^ are very small compared with 
neglected, and we have — 

li = 5 

E2 r 



R and r, they can be 
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Clark-Pos:s:endorff Method. 

Referring to Fig. 48 (p. 97), let E„ Ej be the E.M.F/s of two 
cells, and r,, r,' the respective resistances across which they are 
shunted when balance is obtained, and no deflection occurs on the 
galvanometer. Then, if C = current flowing along ABC, we have— 

The E.M.F. across AB = -~ — E = E, for the first cell 

where E = the working E.M.F. ; also — 

r ' 
E.M.F. across AB = —7 — E = E.^ for the second cell 

f\ -T y^i 

.*. Et : Ea = ^ — E : — ^ — E = r, \ r' 

n + r, r, 4-r, 

Assumptions. — (i) That the working E.M.F. E, and therefore the 
current through ABC, remains constant. 

(2) That r, + r^ is constant. If it is altered in any one pair of 
readings, then the first relation should be used. 

If the galvanometer is ver>' sensitive and of high resistance, the 
method can be made accurate to ^^^ of a volt. 



Condenser or Ballistic Method. 

Let Q„ Q^ be the quantities of electricity discharged through the 
condenser of capacity C when charged by the E.M.F.'s E, and E, 
respectively. 

Then Q, = CE, 
and Q2 = CE.^ 
Hence (.2, : Q. = E, : E, 

But the respective first throws d^ and d.^ are oc Q, and Q2 ; 

.*. E, : E.J = ^/, : d.^ approximately 
More accurately E, *. Eo = sin ^d,° : sin \9.^ 

where ^,, ^2 ^"^^ ^^^ angular throws of the galvanometer in degrees. 

If the galvanometer of resistance G is shunted by a shunt S, and 
gives a throw ^/,, 

Then E, : E, = ' . r/, : d., approximately 

,- being the approximate multiplying power of the shunt {^Me 
P- 113). 
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It is assumed that there is no leakage from the condenser between 
the moment of cutting off the E.M.F. and discharging it through the 
galvanometer. 



Electrometer Method. 

Let V'l, Vj be the potentials of the two pairs of quadrants above 
that of the earth or case of the instrument, and let V = potential of 
the needle above that of the earth. Then it can be shown that if 
d = the scale-deflection — 

^oc^V, -V,){V-KVi + V,)} 
or if V is large compared with Vj and V.^, we have — 

If, then, deflections d^y d^ are obtained when the quadrants are 
charged by E.M.F.*s E, and Eg, we have — 

//,oc(V, - Vj)VxEiV 

and d^ oc (V, - Vg) V oc E^V 

„ E, _ ^, 

Hence — ,~ 

E2 d., 

since the P.D. (Vj - V^) between the quadrants must be the same 

as £2 ^"^ ^2* 

It is assumed that the potential V of the needle is constant 
throughout. 



Action of Shunts on Galvanometer 
Deflections. 

Solution of Inferences.— Let A = current in the main circuit, 

G 
S 




R 

Fig. 101 
A, and A^ = current through shunt and galvanometer respectively, 
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and s and g = resistances of shunt and galvanometer respective!] 
Then, if V = P.D. at the terminals of the galvanometer and shuni 
we have, bv Ohm's law — 

*.= ; 

V 
also A„ = — 

A« s 

Hence 7- = ~ 

A, g 

or, by the theor>' of proportion— 

A.. c 



and A = A, + A^ 

"• A s+g 

Now the deflections //, and d are respectively proportional to 
and A. 

Hence ^= --^ 
From these relations we have — 

s * 

where* ^ - is called the multiplying pouter of the shunt, 
y 

A^jiin, let R,^ = resistance of the shunted galvanometer ; th 
since A = A, + A^, we have— 

^^ 's g 






or R.,. = -5- 
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Determination of the Apparent Increase 
of Resistance of a Ballistic Galvano- 
, meter when Shunted. 

SolytiOii of Inferences-— Let Q,, Q, be the quantities of eletr- 
tricit\' which pass into the condenser when it is charged with P,DA 
Vj and Vj(. Then, if C - capacity of the condenser^ 

Q» = cv, 

% V, 

S 4- G + K 
But Q, fflc deflection z/^, and Q, ac deflection ti^ \ ^ , where 

S = shunt used and K = constant (p. rij), and G = galvanometrr 

resistance i 



Hence 






.1, 



S + G + K 



Also, since the F.D.*s V^ and Vj, are directly proportional to the 
resistances. r^, r^, we have final!)- — 



or K 



S + G + K 

S 



4 






G ohms 



ih 



Calibration of a Ballistic Galvanometer. 
Earth Inductor Method. 

Solution of Inferences^— Let the carth-coil or inductor ah be 
set to cut the horizontal component of the earth^s held whose lines 
of force run from N to S^ as shown Then the number of lines of force 
enclosed by ah in its itero position (/>. with its plane perpendicular to 
NS ' will be AF, where A = mean area of coil in square centimetres 
and F the horizontal component in C.G.S, units or hnes per square 
centimetre, Now% on tuming^ ti6 about its vertical axis xy through 
iSo", the front half /i will cut FA lines in one direction, and the back 
half S the same number of lines FA in the opposition direction^ The 



i 
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£.3pCF i niini-?f: vmie J7 is oi mockHi wdl be a NAF imits in the 

inric 1:1 >f mii :3e iame jl die narir. and ance cbe ciii e cti ops in which 

duEse act comode nxmd the rii^, the 

cocil E-iLF. is ac2NAF, whence the 

cotalqoanricTof eie m k iu Qintbetran 

1 ^,_ ' ^ 2NAF 

sen. cnrrenttte generated « -- 

at sin 4^, wbere #^ = the first throw of 
tbe gafranomftrr needle. Hence the 
ccintitT of electricitT per dhision, which 
\s^ can the '^ gahranometer constant"— 



^-4-^ ~ R sin Ir' icrTl sin J 

V wiiere R = the total drcnit resistance 

\y in ohmSy and N = the total number of 

tnms on ab. 

This Tahie of K n^ects damping 
in the galvanometer : hence, if a = the logarithmic decrement of the 
galvanometer, we finally have — 




F:g. 



2NAF 

K = - .-—. — -— — ^ C.G.S. units of quantit>' per umt deflection. 

io*R sm IMi — Ix, -\ J r 



Standard Solenoid Method. 

Solution of Inferences-— It has abready been sufficiently shown 

in the introduction to the test that the throw 9 measures a quantity 

4xCTAX 
of electricity (I = iv,/r»"» whence accurately the quantity per unit 

4XCTAN 
deflection K - ^ „,,„ r . , — — . , C.G.S. units. 
io^'7r sin le{i +^a) 



Standardization of Standard Mas:neto- 
inductor (Capacity Method). 

Solution of Inferences.— Let N = the number of turns on the 
standard inductor tested, and F = the total number of lines of force 
crossing,' the k^'^P- Then the total linkage of lines of force = NF, and 
R = the total resistance of the inductor circuit in ohms, then the 
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whole quantity of electricity Qi set up in the transient current pro- 

NF 
doang a throw d^ is 



R 



^ ^ NF 
^1 « Qi « Y 



Again, if C = the capacity in microfarads, and V = the P.D. in 
rolts to which it is charged, then the whole quantity of electricity Q.^ 
in the discharge giving a first throw d^ is CV micro-coulombs ; 

/.//eOcQ^orCV 

^, NF NF 

Hence-- j^H.CV = ^-V 

But since a micro-coulomb = — ^ or lo"^ C G.S. units of quantity, 

and an ohm = loP C.G.S. units of resistance ; 

^ 10 -7 X loP RCV d^ looRCV d, 
/. F = • , = • "j C.G.S hnes 

N rti, N <. 

For maximum accuracy d^ should = d^. 



Measurement of Magnetic Permeability 
(Masrnetometer Method). 

Solution of Inferences.— A Position of Specimen.— It has 
already been proved on p. 219 that it M = the magnetic moment 
ai the specimen — 

Rf^-.t dt 



% 



U"'Z^ ---ii 



Fig. 103. 



(^2 -. /2)2 

Then M = - ^ He tan = K^ tan 9^ 
2a 

(iP « /«)2 

where Ki is = — - - Hg* 

Now, the volume of the specimen V = 2/j, where s = the sectional 
area of the, specimen ; therefore the intensity of magnetization 

I = y = y tan 0^. 
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Also the magnetic induction at the centre of the specimen, namely, 
B = 4*1 + H ; 

Hence B = 4»I + H 

= ,,— V H C.G.S. lines 

and we therefore get — 

the magnetic per-i _ 5 = 4*<<^^-^)*Hb tan« 
meabilityM f "" H \^d ' H 

B Position of Specimen.— It has also been 
proved on p. 220 that for the " B Position of 
Gauss," the magnetic moment of the specimen 
M = (<^ + ^)iHE tan e. Hence it at once follows 
from the above reasoning that — 




.i...yd). 






Fig. 104. 



B = 4»I + H 

_ 4ir(^^ + /^)tHK tan e 
V 



+ H G.C.S. lines 



B 4ir(//*4-/«)«HE tane 
whenceM = ^= ^^ ^ +1 



C Position of Specimen.— Let ^ and D be the distances of the 
two poles of the specimen from the centre of the magnetometer needle 

as shown, and let the upper pole 
• .0^ ^he specimen and the needle 

^ ^--- -• be in the same horizontal plane. 

! Also let the force F of the speci- 
fif^ men on the needle always act 
f V P^n^cn^^i^^l^r ^o the original zero 
position of the needle, and there 
fore to the earth's field. Then, 
if /;/' is the strength of either 
of the poles of this needle, and 
m that of either pole of the 
specimen, we have, from the "law of inverse squares," that the 

stress exerted between N and x, which is one of attraction, = , and 



O.. 



Fig. 105. 



liJs 



stress exerted between S and x, which is one of repulsion, =■ 
and these act in opposite directions. 



D^ 



Hence F = 



'""^f?: = H.tane. 

ir^ D 



where ^ - the angle of deflection = the angle sos'. 
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BS 

But m — — , and assuming m' to be of ////// strength, we have — 

BS/i I ^\ „ ^ ^ 

4ir \d^ D* D / 

4irHE tan e ^ ^ ^ r 
or B = .. C.G.S. hnes 

where s = sectional area of specimen, 



B 4irHB tan 9 

whence u = - = ^ — 



H being the actual effective magnetizing force. 



Comparison of Capacities Ballistically 
(Direct Deflection Metliod). 

Solution of Inferences.— 

L^ Qi» Qs = charges or quantities of electricity stored in the two 
condensers, 
C„ C2 = the capacities of the two condensers, 
V„ Vj = the potential differences to which they are charged. 

Then Q, = V,C, 
and g, = VoC, 

If now ^1° and 9^ are the angular first throws in degrees on the 
ballistic galvanometer produced by the passage of Q„ Q, through its 
coils either on charge or discharge, and if A = logarithmic decrement 
of the galvanometer with its terminals disconnected from the circuit, 
and Qo = the quantity of electricity which gives unit angular deflection, 
we have — 

Qi = Qosinitf,'^(i + JA) 
and Qa = Qo sin \9^{\ + \\) 

Hence- - - \^o- ^7 r- 
Q, sm \9^ V,C, 

If 6,°, ^2° are small, which they will be even for full-scale throws, 
/^, d^ divisions, on the usual galvanometer and scale (being about 
6° or 7° only)— 
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when, if the same P.D* is used to charg:c cacti condcnsetj V, wiil - Tfl 
and we have finally — fl 

C| : Cj - d^ : d^ approximately 

Assumptions. — (i) That the whole discharge or charge through 
the galvanometer takes place before the oeedle begins to move, or. in 
other wofds, that the w^hole of the kinetic en erg)- of the needle after tbc 
flow has occurred is employed in overcoming the mag^netic forces due 
to the earth^s magnetism and induced current in the gaJvanomclcr 
coils from the motion of the needle. 

(2) That there is no leakage between the coatings of either con- 
denser due to defective insulation in the condenser or circuit which wodd 
cause one or other or both of the throws to be less than it should k, 

(5 J That there is no '* residual absorption " in the condensers due 
to a soaking in of a certain fraction of the charge which would 3lio 
make the deflections smaller than they ought to be, 

(4) That the P,D, is quite constant throughout die pair of readings 
with C, and C^, 

sin Vi? d, 

(5) That the angular throws are small enough to make .— " ' = -• 

sin ^ 4 

the ratio of the two scale-defleaions simply. 

The above therefore consiilute the sources of err^r to which lliJi 
method is iiable^ and a more accurate relation would be — 

Ci : Ca - sin J°,e : %\jfi J^ J 

From the preceding remarks we sec that a, the damping correctiofl, 
does not enter into the final relation, as it aflects d^ and d^ in the saioe 
ratio ; also that for maximum accuracy we should have */, — d^ Higli 
insulation of the batter^' is not essential^ but that of the rest of tbc 
circuit is. 

If, instead of using the method of connecting shown on p. \l\t 
the condensers are chai^ged or discharged by a simple key, then special 
care must be taken to get rid of any residual charge by short -circuitinif 
the condenser after each discharge through the galvanometer. Tbf 
diagram of the connections suggested by the author will be found IQ 
be the best in many ways, principally in getting rid of or iiullifjing tk 
e fleets of leakage owing to the discharge being effected instantaneously 
after breaking the batter)^ circuit. 



Comparison of Capacities 
(Wheatstone Bridge Method). 

Solytlon of Inferences. — Let Vj be the potential of the pobt % 
and Va be the potential of the point H. Then, when balance 1* 
obtained, no deflection of the galvanometer C results, or the porefltij' 
of the points D and F must be equaL Let its value at either be \V 
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Then if Qj, Q^ = the quantities of electricity flowing into the con- 
densers of capacities Ci, Cg, through the resistances Rj, Rj respectively, 
and since Cj and Cj are charged 



to the same potential V.^- V3, 


and Qjj = 


C.(V, - V,) 
C,(V, - V,) 

c, 


If now Ai, A2 are the currents 
fiovk-ing respectively through R, 
and Rj during a very short inter- 
nal of time /, we shall have — 


Q. 

and Qj 


= A,/ 

= A^ 
A, 
A, 




l/^•;•/'/^ 



Fig. 106. 

but, by Ohm's law, the currents will be inversely as the resistances, or 

A, R. 

r = ^. Hence, finally, we have— 

Q^R^ 
C, R, 

The galvanometer G should have a resistance which approximates 
lo the sum of R, and Rj for maximum sensitiveness. 



Absolute Measurement of the Capacity of 
Condensers (Ballistic Method). 

Eolation of Inferences. — Let Q = quantity of electricity required 
to be given to the condenser of 
capacit)' F in order to raise the 
potential difference between its 
coatings to a value V. Then, as 
^ore, we have — 

Q = VF 

Again, if a first throw d,° is 
obtained when the quantity Q is 
sent through the ballistic galvano- 
meter, whose needle has a periodic 
^e of oscillation T seconds, and 
* logarithmic decrement a, and, 
D^reover, if a steady current A 
produces a steady deflection d/ 




Xj^naa/naaaaaaa/vvvvnaaa/naaJZ 

— I'M'Mi— 

B 

Fig. 107. 
on the galvanometer, then, for any 
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ballistic galvanometer, when 9^ and 9^ are small, which they nearly 
always arc in ordinary reflecting instruments \fp to 7*^ merely;, we 
have — 

^ T ^ sin \i9^ , , ^ T V, 

where ^1, ^.» = the deflections in scale-divisions corresponding^ to 
di^ande/. 

Hence Q = VF = - ' - • ~(i + i^) 

ir 2 02 

2x V a. 

But V = the whole P D. between X and Z used in charging the 
condenser, and A = the steady current through the galvanometer due 

to a fraction = * \' of this total potential. 
^i + ''2 

Hence A = ^ l ^^' t by Ohm's law 

A _ R V _ _ R 

' * .V ~ {d + r-^ G)V " >"+ r"+ G 

where R stands for V~Tt and fi = the equivalent battery resistance. 
Hence F = - - ^ —^'^i +i^) 

Assumptions. >-( I) That the total E.M.F. of the battery has 
remained constant in the time taken in obtaining any pair of readings 
li^ and ^/,. 

(2) That tlie needle of G does not begin to move until the whole 
discharge is completed, and hence the value of T must be large enough 
to ensure this. 

(3) That QC and Q.7 arc reallv sufficiently small enough to make 

^o = ^f ^'''O' nearly true. 



Comparison of Capacities. 
Method of Mixtures. 

Solution of Inferences — Let Qi,Q.^ be the quantities of electricit> 
with which the two condensers, of capacities Cj, Cj respectively, are 
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arged, and let Vj, V^, V, be the potentials of the points A, D, and 
rtspectively when P is turned to the front, so as to send a steady 
inent through the combined resistance AH. 

Then the P.D. between A and D = V, - V^ 
and „ „ D „ H = V, - V, 

whence, by Ohm's law, p- = -. rr- 




Fig. 108. 
But if C„ C2 are the capacities of the two condensers, we have- 

Qi = c,(v, - V,) 

and Q, = C,(V, - V,) 
But Qi = Q2 when no deflection occurs ; 
hence Ci(Vi - V,) --^ C,(V, - V3) 



,p, Q ^1 
or Ci : Cy = R.^ : Rj 
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Method of Divided Charge. 

Solution of Inferences.— 

Let C = capacity of the condenser to be tested, 
C, = „ „ standard known condenser, 

V = the P.D. used to charge the standard kno^%'n condenser. 

Then, when V is applied to C^ a quantity Q, of electricit)' flows 
into the condenser, and when discharged through G produces a first 
throw </,. 

Now, when C, is again charged to the same potential V, and the 
unknown capacity C put in parallel, the charge Q, in C, dindes in 
projwrtion to the capacities C and C, in such a way that a part Qj 
remains in the standard, while the remainder Q, flows into the unknown. 
Qjj, and now gives a first throw d^ when discharged through G. We 
therefore have — 

Q. = c.v 
Q, = cv, 
Q. = c.v, 

where V, = common potential after the charges divide. 

Hence 2:^ = 2? 
C. C 



and by proportion each = -~ — -^ 











c. + c c. + c 












. Q. Q. 












•c. c. + c 




t»vn 


h^K 


atin^ 


air-dam 


ping, we have — 




V.Ss 


»v ./', 


m\k\ J 


arc thi 


* first throws due to discharges 

, „ C dy - do 

or tinallv ,- ^ -^— — ^ 
C. d^ 


Q. and q, ; 



CMI^^ities in Series and Parallel 
\La\vs of Combinations). 

ji^l^yi^ mI Inferences. — Supjx>se there are any number of 
vJ«ifcW^^i» Cj» ^ I -^JI !H f^.tr^ziu'i, which arrangement is shown 
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in Fig. 109 (only three capacities being depicted symbolically). Then, 
since the capacity of a condenser is proportional to the area of either 
of its coatings, it follows that all the left-hand coatings are + , and 
equivalent to one large coating = sum of the respective ones. Similarly 
for the right-hand coatings. Hence, if C is the combined or effective 
capacit)', then — 

C = Ci -h C2 -f C3 H- . . . etc. 

Suppose there are any number (say three again) of capacities 
^ij C^ C3 . . . all in series^ as shown in Fig. 1 10, and let Vi, Vj, Vj be 
the P.D.'s between the respective coatings of each condenser. 

Then P.D. between A and B = Vj 4- V^ -f- V, -f- . . . = V, say, and 
the quantity of electricitv on each coating of every condenser must be 




"/•I'M 

Fig. 109. 



Ci C2 C3 

V/ Vz V3 

Fig. :io. 



Ci C2 

( c, c* 1 

\l'N'K 



Fig. III. 



the same. Then Qj = Qj = Qg = etc. =• Q, say, since adjacent coat- 
ings are connected metallically, and an equal and opposite charge 
resides on the coating of every condenser. 

But Q, = C,V„ and Q^ = CaVg, and Qs = C^Vs 



V, = ^\ and V, = 5^^ and V3 = ^^ 

V,j V^a ^s 



Hence V = ^ = V^ + V^ + V3 -f 



C, C, 



.»+§?+. 



If four capacities were arranged, two in series and two in parallel, 
as shown in Fig. iii, then, from the above, we clearly get the com- 

C C C C 

bined capacity C = ^-^7;- + n Ir ' 
1^1 -r ^2 ^3 • ^4 

Also from any two capacities, Cj and C2, four different ones are 

C,C2 



obtainable, viz. C„ Cj, C, -f C2, and 



C, +C2 
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Absolute Measurement of Self-induction. 
Maxwell- Ray leigh Method. 

Proof of Formula.— In the first part of the experiment, when the 

bridge is balanced for steady currents in the ordinary way, there will 

SR 
!)e no deflection when Q/ = P . 7^-, where Q, /, P, S, and R repre- 

o + R 

sent the ohmic resistances of the various parts of the bridge as shown. 

In the second part, where 
nothing has been altered 
exc'ept the order of manipu- 
lation of the ke>-s K, and 
Kft the impulse or throw of 
the galvanometer, namely. 
</^, will be proportional to 
the self-induction L, and 
will represent a ponion of 
the total quantity of elec- 
tricity developed. In other 
words, the discharge through 
G will be that due to the 
self- induced E.M.F. LC, 
acting independently of the 
battery, and as if this latter 
was non-existent, where C, 
= the steady current in cd 
after balance is disturbed 
by adding p to the arm ad. 
Similarly, in the third part 
of the experiment, the steady current through G, giving the steady 
dellection I)°, is that due to an added E.M.F. pQ acting as if B were 
non existent, where C_. = steady current in arm ^^ after adding p. We 
therefore have — 

LC, 

C, 2 

where K = discharge through the ballistic galvanometer in coulombs. 
causing; throw (f°, and A = steady current through the baUistic gal- 
vanometer in amperes, causing the steady deflection D°, and only half 
the throw is taken for reversal of batter^• current ; but — 




^,/./?/,/,/ 



Yic. 112. 



A 

whence L = 



-7 secohms 
A 



4-.U) 



K =r 



tan D° 



coulombs 
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where T = periodic time of vibration of the needle in seconds, and 
A = the Napierian logarithmic decrement of the galvanometer. 
Hence, substituting, we have finally— 

.., sm -(14- \K ) 
i-. A. ^ 



, Q.p, X tanP-^ ^i 9 1 d 

^=c; 2 A -c.|.~-(i + iA)secohms 

Since in a reflecting galvanometer (P and D° are necessarily small, 
whence— 

**" '2 d 
wTd"" " - b ^^^ approximately 

//and D now being in scale-divisions instead of degrees. 
If pis small, then — 

— = 1 ver>' nearly 

T /» // 

and .'. L = — ' " * t^( 1 + i^) secohms 
2ir 2 D 

Q 

If 9 is not sufficiently small, then the value of pr must be allowed 

SR 
K and can be taken as ^^ * 

^+^+:sVr 



Secohm meter Method. 

Proof of Formula.— In the first part of the experiment the 
bridge will be " balanced " for steady currents accurately when 

CD 

Q/ = P . , and there will be no deflection on G ; P, Q, R, S, and / 

S "4- R 



J the ohmic resistances of the various parts of the bridge as sho%\Ti. 
I^ the second part, when the secohmmeter is running at constant 
'peed, the steady deflection d^ or the continuous discharge through G, 
*5 it may be termed, is the result of a rapid succession of impulses 
"^eto and proportional to the self-induction L. In other words, d is 
^^ to the self-induced E.M.F., LC,// acting independently of the 
•^^ttery, and as if this latter was non-existent where n = number of 
reversals per second, and C, = steady current in arm cd. 
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The steady deflection D produced by adding p to the arm ad is 
due to the added E.M.F. pCj acting as if B were non-existent, where 



6^=: 




Fig. 113. 

C._, = steady current in .irm ad after adding p to it : we therefore 
have — 

LC,// _ ii 

, 9 C. d 
or L = 



secohms 



Hut ^- 


// C, D 

/ 


RS 
R + S "*" '' 



// RS . D 

R + S"^^ 



Maxwell- Rimingi:on Method. 



Proof of Formula.— 

Let V, = potential of the point /^ 

Vo = „ „ points a and c, 

Vj, - .. „ |X)int dy 
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Cj = current flowing through P, and therefore through /, 
C3 = „ „ the condenser. 




m^^\y 



Fig. 114. 

Then from the balance for steady current, we have — 

/Q = RP 

RP 
or / = -^ 

Also V, - Vj = C,P = ^(Q - r) -f C^r 
= C,Q - Qr + Q,r - C^r 
since Cj = C4 — C., 
Hence Cj? = C4Q - C^r 
and therefore C^Q = CiP + C^r 



AC,r) 



dC, 



But Cs = C-^r^' = Cr— ^ 



/. C3 = Ck 



(it 

p ^a: I 

Q dt 



dt 



and C^r = -(V, - V^) 



Hence C4Q = C,P + Cr«^ 

R 
and multiplying all through by -, we get 



Q 
P ^, 

Q' <il 
CR-C^ + Cr*-^^'^ 



since / = 



RP 
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But V, - Vj = C,R = C,/ + L 






'dt 



C,/+L-~' ^C,l+Cr^~'-' 



Q ^/ 



.^a 



and by equating the coeflficients of *, we have — 

L = Cr*- secohms 
C being the capacity in farads. 



Absolute Measurement of Self-induction. 

Proof of Formula.— 

Let the current flowing in the arm <7<? = C„ 

>» M »> ^^ ~ ^2» 

„ M M ^«' = C,. 

Then the current flowing in the arm cd will = C.^ + C, 




Now, when balance for steady currents is obtained, as in Obs. ('2), 
wc have IV ^ RQ ; and also I'C, = QC,„ since the total fall of potential 
down V must equal that down ( ) for the balance. For similar reasons— 



C.R = C./-f I. 



dt 



Now, the P.O. across the condenser terminals, /.r. between d and <*, 
is := iVP 4- ^^C,. + C,\S = C.S + (1* 4- SK,, and the quantity- in the 
condcn>er = C)C,S 4- (I* -r S^C-I : also the current through the con- 

\ dC, , dC ) 

denser C ] {V 4- .s^ ,^ + ^ ^^^' [ = C, -L^ : 
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,-. C, = c, + c ( p + jj 






Hence C,R = C/ + L 



/C, ^ RQ 



C, + Rc(Q + ^,^+s)'f 



But / = -^» and equating the coefficients of -^, we have— 

L = Rc(q + -^ + s) = C ( RQ + S^^ 4^ HS ) 

/. L = C(RQ + S/ + RS) secohms 
wrhere C = capacity' in farads, and R, Q, S, and / = resistances in 



Absolute Measurement of Mutual Induction 
(Carey- Foster Method). 

Pn>of of Formula.— Suppose a spring tap ping- key, K^^ to be 
inserted in the condenser arm, ac^ of the figure, and one> K^ in the 
second ar>^ circuit, say at d. 




B ^ 

Fig. ri6. 

If C ' the capacity of the condenser in farads, 
G ^ ^, galvanometer resistance in ohms, 
P = », primarj^ ,, ,, 

Q — „ secondary ,, „ 

M = mutual induction of primarj' and secondar>' required, 
R and S - two resistances, 

then, with K, open and K* closed, on ** making " or ** breaking " th" 
bi,ilter>- key Kj the steady current Cj in the primary will produce a flow 

MC, 

of current m the secondary, the total quantity of which = 



corresponding to a throw of 4% scale-dtvisions on G, 



Q + G + S 



2s6 Appendix, 

If now Kc be closed and K« opened, and R as before, then, on 
making and breaking the batter>' circuit with K, the quantity of 
electricit>' in the transient current passing through G = CRCi, corre- 
sponding to a throw d^ scale-divisions on G. 

HenceQ^^^^glCRC, =^, :4 

.-. M =CR(Qh-G + S).^' 

But if, as in the test, these quantities of electricity neutralize one 
another, there \vill be no current through G, and therefore no deflection, 
whence d^- d^^ o and G disappears, and we get— 

M = CR((2 + S) secohms 



Absolute Measurement of Mutual Induction 
(by Standard Magneto -inductor). 

Proof of Formula. — If M = coefficient of mutual induction 

required, A = current reversed in the primar)', RiR^ = total secondar) 

circuit resistance for the throws d^^ d.. respectively, then, when the 

primary current is reversed, the whole quantity of electricity set up in 

2AM 
the transient current = - — , which is sc r/,, the throw resulting. 

Similarly, on slipping the inductor, the whole quantity = Ir- , which 

is oc ^2j where d^^ = throw resulting, N = number of lines of force, 
n = number of turns on the inductor. 
Hence we have — 

2 AM N;/ 

or M = -, * , • 7- 
2A R.^ d.^ 

But if Ri = Ro, and we call K the constant of the inductor, 

/. K = N// 

and ... M = -^^^' 
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The Secohm meter* 

The instnimem or appliance known as the secohmmeter was devised 
by Profs. Aynon and Perry, and, ia conjunction with an ordinary 
W^heatstone bridge arrangeoient, is a contrivance for intcrchany:jr^g 
*iltertiately the connections from the banery and galvanometer re- 
spectively to their usual points of junction on the bridge. The throws 
due to self-induction are thus commutated into a steady unidirectional 
deflection. The secoliTf) meter, as constructed up to quite recently, is 
shtiv^n in Fig. 117. It consists of tv^^o rotatory- tsvo-part commutators 




Fjg, 117* 



fixed to and rotated by a horizontal spindk\ which ts prolonged at one 
end bej^ond one of the commutators for the purpose of coupling it to a 
speed indicator if necessar)% This spindle also carries two small 
tcxitbed pinions, which gear into and are driven respectively by two 
toothed wheels carried by a second parallel and horizontal spindle 
capable of being rotated by a handle. A flywheel carried by a third 
spindle is driven by means of another pinion gearing into the larger 
of the toothed wheels. The speed ratios between handle atid com- 
mutator spindles are 1 * 2 and i : 6, and to alter from one to the other, 

S 2 
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press down the end of the locking lever (not seen in figure) on the i 
rind give the handle spindle an axldl motion to the front or back, 
turning it slightly to assist Uie toothed wheels engaging properly ; 
iht^n release the locking lever. Four stationar)' brashes pres^ against 
t!ach commutator, the two pairs of opposite brushes on one commu- 
tator going to the two pairs of terminals one end of the secohm- 
mctLT, and simihirly for the remaining part. Only one set of ter- 
minal (on Ihe left; and the front commutator can properly be seen in 
Fig, 117. 

One commutator iGC) is for periodically interchanging the pobts 
to which the galvanometer terminals arc attached, the other i BC) for 
doing the same with the battery. By means of a set screw, the relative 
positions of GC and BC can be varied so that both sets of mter- 
changes can be made to occur simultaneously, or one a little before 
or after the other, or one midway between two successive interchanges 
of the other. From the preceding speed ratios^ it is seen that one 
revolution of the handle can be made to give either eight or tvvent>- 
four interchanges of galvanometer and batter>% 

Dehydrared paraffin oil may be used 10 lubricate the spindles anc 
commutators where pressed by the brushes^ but in the latter case 
mere drop will suflftce* 

The latest method of construction of the secohm meter is shown i3 
Fig. I j8._ As seen, the commutators and brush^holders are outside 




Fig. iiS. 



brass case at opposite ends of the same spindle^ which is prolonged f^^^. 
driving a speed indicator. The plate, carrying one set of bntshes ^^ 
arranged so that it can be rotated through an angle up to 90% zwid 
the ** lead " thus far more easily varied than in the previous manii^f' 
Two separate spindles are provided for altering the speed ratio, 
and the handle can drive either of them at pleasure. Only one 
conmiutator and set of brushes are shown, the other being at the 
back. 

The sccohmmeter may preferably be driven by an elcctru-mott 
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direct-cottpled to the commutator spindle* Fig, 119 shows a con- 
venient armngcment. On the left is the secohmmeter with cover and 
one side removed, with the handle for hand driving when required ► 
In the centre is an electro-motor of the Cuttriss type, and on the right 
is a Youngr^'s speed-indicator. The spindles of all three are in align- 
ment, and are coupled by spiral spring^s. In the secohmmeter sliown 
the author has devised a different arrangement of brushes to those 
shown in Fig. 119, consisting of metal plungers or pbtons so fitted 
that their rounded ends are pressed against the rotating commutators 
hv hght s pi rill springs. The connections to the terminals :ire soldered 
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tG^ i:he ends of the four phmgers of each commutator. This arningc- 

'^^sTit has been found much tnore satisfaclor)- than the old one in the 

'^^tter of obtaining a reliable rubbing contact with minimum wear of 

coiiitnutator and brushes. If the time of one revolution of the commu* 

vsiiors )s small compared with the period of the galvanometer needle, 

^^e steady deficctTon thus produced is that which would be given by a 

^rrcot QW| where /( = number of reversals per second of the battery, 

^tid Qthe quantity of electricity set up at each. From this we see that 

tie sensihility increases with the speed. The latter must not, hovs ever* 

^ too great for the currents to reach their final steady values l>etween 

h*o consecutive battery reversals. The action of the secohmmeter 

vifl perhaps be more fully understood b)^ reference to Fig. i ao. The 

commutators BC and GC of course rotate isochronously, and are 

sbowD as set with a ** lead *' given by the angle O^ and represcnifiii by 

the distance between GC and BC on the bottom figure. If the angular 

advance of GC over BC ^ 15"^, we have a ** lead*' of ,^/Vr ~ ^4j which 

pcjuis th;it BC makes J^ of a revolution before the battery^ circuit is 
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closed, after the gatvanometcr is closed. Letting BC and BBi 

for batter)' closed and broken respectively, and GC, GB for galru 
meter closed and broken^ then in the following diagram, sta 




BB / ^ \^ZBia 

' Tims 




Jfm3(^" 



90" 



mo 




60Q 



fOOO f500 2000 



2sao 



GC, we see the current induced through galvanometer rises from at 
BC toil madmum, and falls to o again at BB, GB taking place ij p^ 
a revolution ef^rlier. GC is next made, and the current starts agnm in 

the opposite direction at BC, 
r^, ^^, t%^ — and so on* Thus here only 

the '*make" impulses go 
through G, and since GB 
happens always just bercirtr 
BB, and GC after BB -ind 
just before BC, thest- im 
pulses are all unidirectioniti 
through G. though B is being 
periodically reversed. Hence 
the areas of all the conc^ 
are equal to one another, arxS 
represent the quantity Q oi 
electricity set up at each 
reversal* 

In the **zcro'* method d 
tncasuring a coefhcient of 
self-induction (p» 2oi), ibc 
effect of an alteration ftl 
*'lead *' is well illustrated In 
Fig* 12 [. The top figure refers to a test on a soleuaid alone, the 
lower one to that of the same solenoid \Wth its iron core* The ordi* 
nates of the cunes represent the added resistance necessary to 
preser^-e balance on driving the secohmmeter at the speeds given Ijy 
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tfje abscissae. 1 1 is i^oiiceable that with a given coil the smaller the 
'*Jead " and greater the speed the !arg:er (p) the added resistance 
becomes and the more sensitive the test up to a certain limit of 
^peed* 






standards of Self and Mutual Induction. 

These are constructed m two forms, vi^, Jixrd siattdfinis^ having 
only one value of induction which is invariable^ and varfaMf 
Hkmdrjrds^ the coeflficient of induction of which is alterable from o 
10 some definite maximum by almost any desired amount. The latter 
kmd are undoubtedly of greater utilit)^ for experimental w ork. Profs. 
A) rton and Ferry devised the variable standard of self-induction seen 
in Fig^, 122. It consists of a fairly large flat coil of insulated copper 




wi^c Wound in two rather narro^^ channels and hxed with its plane 
^'Wtical in the framework show n, which carries a fixed scale at the top* 
^^Ond similar coil is capable of rotating about a vertical axis inside 
m. fix^(j ^^,i]^ ^f^^ close to it. The plane of this moving coil is also 
^ical, iind its upper spindle carries a pointer which moves over the 
^^ graduated, say, in deji^rees one side and secohma on the other for 
* semicircle ; the fixed and movable coils are in series, and joined to 
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I lie two term in;! Is shown. Thus it can be seen that atl value* o( self-l 
induct ion can be obtained from o, ivhen the coils are in the samel 
phinc iirvd the current flows round them in opposite directions, to the! 
maximum^ i8o^ further round. It is more convenient to altach eacbl 
coil to its own pair of terniinals, and connect those m scries err pariHd 
by It teniporar)' wire as required. The Lnsiruinent can then be used js 
a van able siamfinii &/ mitiaai tniftatimi as uelJ as of self- induction* J 
The above instrument is ;iIso improved by the addition ofncirculiU 
plane mirror to the scale interior, lo avoid errors due lo jMiralUx ifl 
residing the indications of the pointer. 

The calibration curves, for self and muiual induction, of an Ajtton 
and Perry standard arranged in the manner just mentioned ar^ nbotHL^ 
in Fig, 125, the maximum values of self and mutual mduciions aluil 
able being 0770 and 0155 secohm respectively. The reason fthy ill 
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4f*GL£S S£TWem HAti£S Of CO/IS 

Frr,. 123. 

5eir*induction curve does not pass through the origin is because the 
number of turns of wire on the outer tiKed coil is considerably greater 
than on the inner movable one ; thus^ after partial neutraJtzalioii 
there is a balance of self-induction due to the fixed coil* Another funn 
of variable standard of self-induction is made by Messrs, NaJder Brtss. 
and Co., a general view of which is seen in Fig* 124 and a diagram- 
matic one in Fig, 1 2 >, which shows only the bottom disc or base of 
the insiniment. The base or bottom disc of ebonite contains the 
terminal^ T» a scale, S, and two flat coils, c^ of fine insulated wire* 
The upper disc of ebonite also carries a terminal and two similar coiU 
to the lower ones, and is capable of turning round the central pin. 
The four coils are in series and connected to the two terminals, and 
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^««rlieci the top disc is turned, the top pair of coils rotate in a hori- 
gonial azimuth over and very close 10 the lower pair. When the 
poinier or index on the top disc points to its low-est scale reading 
^s^l^out 4 milli-henr)^s), the top coih arc opposing the bottom ones. 





Vio. 124, 



Fig. 125. 



Ori turning ihroiigh 180'^ the tvvo pairs assist one another, and the 
self-induction is a maximum. Intermediate positions of the coils jjive 
inlernicdiate values of L, the self-induction. 

Fig. 126 shows a rather convenient form of experimental test coil 
or practising the measurement of self induction on. It consists of 




one thousand turns of insulated copper wire wound on a thin tube of 
instilating material with mahoganj^ ends. The coil is contiected to 
the two terminals, and is provided with a soft -iron core^ shown by its 
side* which can be inserted in the coil to increase its self-induction. 
Four exactly similar coils to this form a very useful arrangement to 
ejtpcriraeni itpon. 



Galvanometers. 

Of these there are two main classes^ vi^. those with moving coils 
and those with moving magnetic needles* In each class there are 
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numerous instances in which both Ught aluaiiniam pointers and mirws 
Attached to the moving part are used for the purpose of Lndicaiiflg 
deflections* In the latier case, small concave mirrors tr? most 
generally used, having: a focal length of about 36 to 443 inches. If, 
then, a parallel beam of light from a double convex lens (havmg a 
4-inch focal length, say), and due to a luminous source in the focus, 
strikes the mirror, an image of a slit or wire just in front of the 
will be fanned by the mirror on a scale placed some 36 inches away. 

By this mirror contrivance very small deflections can easily be 
observed without the aid of a very long pointer, which, however light, 
would increase the moment of inertia of the moving system and render 
it sluggish. It will be obvious that a spot of light brought to a frtcus 
on a scale say 36 inches from the moving mirror, is equivalent to 
using a pointer 36 inches long fixed to the moving system and mov 
over a scale of that radius. Hence the enormous gain in sen si tt vein 
of mirror instruments over those with pointers. It should also 
remembered that in reducing scale deflections to degrees, or 
virsd^ in reflecting instnmients, the angular motion of the reflected r*i^ 
is twice the nangular motion of the mirror* This latter, in ordiaiiry 
reflecting instruments, does not exceed about 6° or 8°, 

To make this clearer^ take the following numencal exanipk. 
Suppose a deflection d of, say, 1 millimetre (which can ver)' easily 
be detected) is obtained, with the spot of light on a scale placed al ^ 
distp.nce L of i metre away from the mirror of the galvanomt'ter, 
which is a ver)- usual distance in practice. Then, since t mm. = o'l cm, 
and I metre — 100 cms,, the angular motion 0^ of the mirror with its 
180'^ I oi tSo 
IT 2 loo 3 1410 

tan 2^ = J- ; and, since reflecting galvanometer scales are usually 

more than about 60 cms, long from end to end, the angular motion, t, 
of the above mirror for a deflection of the spot of light from the centn* 
to one end (30 cms.) of the scale = 0-0287 ^ W^ — S"©!*^. For small 

values of ^*, we have liin B ~ -^ very nearly, ^vhich is vvhai we hai 

used above. 

By suitably curving the scale^ we can make tan $ almost exactly 
proportional to d^ the error introduced by assuming this being a veM^ 
small fraction of i per cent. ^H 

With regard to the method of supporting moving coils and needles* 
the usual fine fibre of cocoon silk, or, better stilly the quart? rihrc^ 
introduces far less friction or torsional resistance than a pi^ot and \ 
best jewel and is much cheaper than the latter. One disadvanti 
does, however, apply to fibre suspensions, namely, that le^^elling screws 
must always be provided to enable the moving system to be centi 
accurately, whereas with pivotsthis is not required. 

The sensttiveness of galvanometers varies vastly according to I 



attached needle = ^ ,- 



I 
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III) the conlrolling force must be constani in magnitude and direcdon r 
M^\ the deflecting force must always act in the same direction ^ind at 
tfeht angles to the controlling force. Whenever these tivo conditions 
lotd, the current will be proportional to tan ^* 
mei 



HelnTholt2 Tangent Gaivafionieten 




Fig* 129 represents a good form of standard tangent galvano- 
metefj known as the Helmholtz pattern. It consists of two exactly 
similar ring-shaped coils, t>ne on either side of the magnetic needle- 
The coils, which are of large 
diameter, are placed s^-mmetri- 
cally with res|>ect to the needle, 
in such a position that the dis- 
tance of the centre of each 
from that of the needle, alon^ 
their common axis, passing' 
^tfaroygh the centre of the 

lie, is half the radius of 
ilher coil The turns of wire 
imposing each coil are so 
wound that they each form 
pan of a coil which, if con- 
tinued. wouSd have its ajjex at 
thi; centre of the needle. Thus 
the 5oljd angle subtended by 
each coil at the centre of the 
needle is the same, which prac- 
tically eliminates the error due " '^^' 
to the needle not being extremely short compared with the coil 
dia^meter % and also, owing to the coils not being ver>' broad, the mean 
distance of each torn from the needless centre is practically the same. 
The elementary theory of the tangent galvanometer will be found on 
p, 115. 

The short magnetic needle has a liyht aluminium pointer fixed to 
it^ and is suspended by a tine silk hbre from the top of a tube carried 
by the scale box. In some cases, however, a small agate centre is let 
into the centre of the needle^ which is then pivoted inside the scale box 
on a line- pointed pivot. In almost all cases a clamp, actuated by a 
milled -headed nut under the scale box, can be raised so as to lift the 
needle and pointer when the galvanometer is carried about, thus 
avoiding damage to the pivot* As seen, the base rests on three 
!e%*clUng screws, and carries two pairs of terminals, one pair to each 
coil, which must be so connected that the current flows round both 
coils in the same direction. 7*he two large terminals seen arc joined 
to the two thick copper turns, wound one on each ring and joined in 
series^ These are intended for heavy currents when necessary. 
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An aJterable form of laBgent galviiionieter b shown m Fig. t jiO^a 
IS SQttabk for decermbing the effect of 3. ciiffcfit tlo wring ia j circn 
CDiI of a y^jiabk Qumber of turns and di^crent diameters on i* 
fttigiietic needle placed in different positions in the plane of the m\ 

and along its axis. The ar-^ 
rangcment consists of a tai 
board, to one end of which i 
fixed a standard carr>'iiig3 
Ixtx and magnetometer ne 
Two ring- shaped bobbins 
wound with coils of insulatct 
copper wire. The l-irger on<v 
tixed to a base capable cif slidii^ 
either parallel or perpendicular 
to its own plane, is wound vrab 
two distinct coils of 10 or p 
turns, respectively connected to 
two pairs of terminals on its 
base. Tbus 10, 20, 30, or 40 
cflfeciii^e mms can be obtained by using the coils singly and in helpijig 
or opposing seriesL The smaller bobbin is wound with only one coil 
of JO turns, connected to the two terminals on its base, w^hich, when 
placed on the base of the larger coil, brings its centre to coincide with 
that of the needle. The main base-board is provided with scaler 
and grooves at right angles, by means of which the coils can he 
guided to any distance ftxjm the needle in either of two directions at 
right angles, when the pins are inserted in the base of the bige coiL 
When in use, the small coil^ whose diameter is half that of the lar^ 
one, is used as shown in the tigure, on the base of the larger, the twn 
being kept concentric with one another by making the index marks oti 
their bases coincide. 
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A portable form of galvanometer, which can be used with a WTicat 

stone bridge when a ver>^ great 
degree of sensitiveness is not re* 
quired J is shown in Fig, 131. U 
is convenient for use when a ti- 
rtecting instrument cannot be cm* 
ployed or obtained in just tiie 
pos it ion d es ire d . 1 1 c ons ists of two 
flat coils, wound with hne silt- 
covered copf>er wire, of the forw 
shown in Fig. 133. There is .< 
large narrow opening in the cenuev 




Fici. 
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of each of the coils, and they are fixed so that their magnetic aJce 
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^T the etids, such as E, being a short distance apait ta allow 
f the free rotadon of a delicate vertical spindle pass in^^ down between 
bcm and running in jewelled centres. This spindle carries a long 
iglit pointer at the top and a light magneiic 
lecdle lower down, which can just rotate freely 
Dside the rectangular openings in the coils. The 
oils are so connected together in series between 
be two terminals that their unlike poles are pi,- j^^_ 

idjacent ; thus, when the axis of the little needle 
s al right angles to their magnetic axis and a current is sent 
-hrough the coils, the poles of the needie are attracted b)' the dis- 
limilar ones at the outside ends of the coils, the pointer at the same 
Lime indicating the deflection of the needle inside on the degree-divided 
icale above. The type of galvanometer shown is wound usually to 
ibout 1000 ohms resistance, and may have a figure of merit of some- 
thing like icrirJtnni ampere per i*^ deflection on the scale. It should be 
noted that before using the instrument it should be turned round so 
that the pointer points to ^ero on the scale^ far then the magnetic axes 
of needle and coils will be perpendicular* 



I 



Fig. 133 shows another convenient form of galvanometer, devised 
y Dr. R. M. W alms ley and Mr. T* Mather, and having a considerable 
ticgrce of sensitiveness. The construction and action will be more 





Fig. i3j 
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Eadiljr understood by reference to Fig. 134 as well. It consists of two 
eTOicircular coils, C, fixed inside a well turned out of a base, which is 
upported on three levelling screws (Fig. 133). The coils are connected 
<i series, so that the upper ends are a north and south pole respectively, 

Ere joined to the two terminals shown. Suspended symmetrically 
regard to the coib, by a hoc silk hbre, is a light magnetic 
t^ ns^ which can just rotate freel)^ abo^ e ihem, its length being just 
: 
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a little greater than the distance between the parallel edges ofCC A 
pointer^/, is rtgidly attached to ns by the thin altiininium wire fixed 
to both. For no current passing ns h*es parallel to the straight edges 
ofC, C, but on the passage of a ciirrent, unlike poles attract, c^iusmg a 
deflection, which in this type of galvanometer is directly proportiodal 
to the current up to about 60°^ owing to the needle, when detlectd, 
nioving into a more prawerful part of the deflecting field. The $us 
pending arrangements are shown in Fig. 133, which, together with the 
scale and pointer, etc.^ are under a glass shade to protect the necdlf 
from draughts. As seen, a circular plane mirror is used insidt the 
degree -divided scale for the purpose of avoiding errors due t<i] 
parallax- 




Astatic Combination* 

When a still more sensitive instrument of this form is wani 
" astatic combination '* of needles can be used instead of one 
only* This consists of two nearly similar highly magnet iied steel 
needles rigidly rixed to a thin aluminium wire, with their Ukc poles 
pointing in opposite directions. In the above galviOiomeler it will be 
seen that the sensitiveness is more than doubled by such an addition, 
because -^vhile the earth's controlling force on the system is tiruch 
diminished the movement of the deflecting force on the needles « 
doubled, since the)" are at opposite sides of C, C. In practice, perfect 
astaticism is undesirable, owing to the earth's magnetism being urtAbk 
to exert any controlling force on the system, causing the needK^* to 
wander or rest in any position* Hence a small directive force mn 
preferably be given to the system by making one of the needles slightly 
stronger than the other. It may also be done by placing a controlling 
magnet a trifle nearer one needle than the other, so as to jict 
strongly on that one. 





Sine Galvanometer. 

The precedingWalmsley-Mathcr galvanometer can be used as, what 
is commonly called, a sine galvanometer, by placing the instruuif^T 
as it stands on another baseboard ciipabie of turning in a horiioiil^^' 
azimuth about a centre which is in a venical line with that of the necdk- 
In any galvanometer the current flowing through it will be dire< 
proportional to the sine of the angle of dertection^ providing — 

(1) The controlling force is constant in magnitude and directioiw 

(2) The deflecting force, although variable in its direction mspa< 
is ftxed in direction relatively to the deflected needle. 

In other words, any galvanometer which is controlled by a distJ 
magnet or the earth's field, and can be rotated round aji axis passil 
through the centre of the needle* can be used as a sine galvanometi 
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Standard Direct* reading Electric Balance* 

Fig, 15s shows the general appearance (with gtass co%'er remomi) 
and Fig. 136 n part symbolical eJevation of Lord Kelvin*s centi-aropere 
b^iiance. 

I, The instrument is founded on the principle of action of tk 
muttja] forces, discovered by Ampere, between movable and tod 



Ql ^3^ 



c'e: 



J -W 



J^i 



Fig. ijS. 



portions of an electric circuit. The shape chosen for the mutually 
inlluencin^' portions is circular, and each such part will be called for 
brevity an ampere ring, whether it consists of only one turn or of 
any nutuber of turns of the conductor 

2. In this balance, each movable ring, B and B\ is actuated by two 
fixed rings^ AC and A'C— all three appro^cimately horiionlal There 
art I wo such groups of three rings— two movable rings attached 10 
the twt> ends of a horizontal balance arm pulled, one of them up and 
the other down, by a pair of fixed rings in its neighbourhood The 
current is in opposite directions through the two movable rings ta 
practically annul disturbance due to horizontal components of terres- 
trial or local magnetic forces. 

3. The balance arm is supported by two trunnions, each hting by 
an elastic hgament of fine wire, /^ through which the current passw 
into and out of the circuit of the movable rings. 

4. The mid- range position of each movable ring is in the 
horizontal plane nearly midway between the two fisted rings which 
act on it. 

5* The current goes in opposite directions through the two fijEcd 
ringSf so that the niovable ring is attracted by one of the fixed rings 
and repelled by the other. The position of the movable ring* cqai- 
distant from the two fixed rings, is a position of minimum force, and 
the sighted position, for the sake of stability^ is above it at one end d 
I he beam and below it at the other, in each case being nearer 10 ik 
repelling than to the attracting ring by such an amount as to girc 
about ^ per cent, more than the minimum force. 

6, The balancing is performed by means of a weight which slides 
on an approximately horizontal graduated arm attached to the balance \ 
and there is a trough* A fixed on the right-hand end of the balance into 
which a proper counterpoise weight* W, is placed, according to the 
pfirticular one of the sliding >v'eights in use at any time (sect 9 beki^ 
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For ihe fine adjustment of the kcto a small metal flag is provided, as 
in an ordinary chentical balance. This llag is actuated by a fork 
having a handle below the case outside, as shown in the drawing, 
Fig. 13s* Tq sH f/ii- stni the left-hand weight is placed with its 
pointer at the zero of the scale, and the il^^ is turned to one side or 
tlic other until it is found that^ with no current going throug^h the 
rings, the balance resii* in its sighted position. 

7, Tff ffuas^Hri- a curr^fti the weight is slipi>ed along the scale 
until the balance rests in its sighted position. The strength of the 
current is then read off approximately on the fixed scale (called 
the inspectional scale) j with aid of ihc hncly divided scale for 
more minute accuracy, according to the explanations given in 
sect, tl below. Each number on the inspectional scale is twice the 
square rout of the corresponding number on the fine scale of equal 
divisions. 

S. The slipping of the weight into its proper position is performed 
by means of a self- releasing pendant, hanging from a hook carried by 
a sliding platform, which is pulled in the two dire a ions by two silk 
threads passing through hok-s to the outside of the glass case. 

9. Four pairs of weights (sliding and count erpoise)^ of which Mt* 
Mge pr carriage and //s eoHHit^rpinse imistihiU ih*^ Jirst pair^ are 
stipplied with the instrument. These weights are adjusted in the 
faiios of t : 4 : 16 : 64, so that each pair gives a round number of 
amperes^ or half-amperes, or iiUtirter-amperes^ or of decimal sub- 
diviiions or multiples of these mag-nitudes of current^ on the 
inspectional scale* 

10, The useful range of each instrument is from t to 100 of the 
smalkst current for which its sensibility suffices. The range of this 
mstiuaat'Rt is from i to joo centi-ajnperes. The following table shows 
the value per division of the inspectional scale corresponding to each 
of the four pairs of weights :»- 



First Pair of Weights 
Second J I 
Third „ 

Fourth M 



per diviuoni 
025 

o'5o 
1*0 



II. The fixed inspectional scale shows, approximately enough for 
I ttUisi purposes, tbe strength of the current : the notches in the top of 
I ^^^ aluminium scale show the precise position of the weight corrc- 

*p<jnditig to each of the numbered divisions on the fixed scale, which 

pi^>icticilly annuls error of parallax due to the position of the eye. 
I ^beiiihe pointer Is not exactly below one of the notches correspond- 

^^% 10 integral divisions of the inspectional scale, the proportion of 
I the space on each side to the space between two di^ isions may be 
. tstimat«d inspectionally with accuracy enough for almost all practical 

Fttfpoics, Thus w^e may readily read off 34'! or 347 by estimation 
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with little chance of being wrong by i in the decimal place, 
when the utmost accuracy is required, the reading on the fine scale »f 
equal divisions must be taken, and the strength of current calcwhtcd 
by aid of the table of doubled square roots givea at the end of this 
book. Thus, for exaiuple, if the readiog^ is 292, we find 34"i8» or say 
34'2, as the true scale reading for streagth of current ; or, again, ;1_ 
the balancing position of the pointer l>e 301 on the tine scale, wc ha 
34*70 as the true reading of the inspectional scale. 

J 2. The centi-ampere balance, with a thermometer to test the 
temperature of its ampere rings, and with platmoid resistances up 10^ 
i6cx> ohms, serves to measure potentials of from 10 volts to 400 volu 

Constant of the Cknti ^ampere Balance when used as a 
Voltmeter. 



WclglltttMHL 


RcsUExtic« b 
circuut.' 


Voitj per diYiHoti 
or fined icafc. 


First Pair of Weighrs 

II n 

I* 11 --♦ 


400 

800. 
t20O 
1600 


1.0 

a -a 

40 \ 



I f the secoyid pair of weights is used, the constants will be d(«]bk ol 
those noted above, 

13. Instructions for the Adlustment of the Standari 

Balances* — ^Thc instrument should be levelled in accordance wiih 
the indications of the attached spirit-level^ by means of the levdlmji 
screws on which the sole-plate of the instrument stands. 

14. In this centi-ampere balance, the beam can be lifted off U5 
supporting ligaments by turning a handle attached to a shiift passini; 
under the sole-plate of the instrument. This shaft carries an ecceniric 
on the edge of which rests the lower end of a vertical rod* which i^ 
lixed at its upper end to a tripod lifter. When the instrument is to be 
packed for carriage^ or when it is to be removed by hand from place 
to place* the lifter should be raised ; but when it is fixed up for regwlaf 
use, it IS advisable to keep the beam always hanging on the ligaments. 

15. The carriage is htted with an index to point to the movabli'^ 
scale, and is intended to remain always on the raiL One or other d 
the w eights is to be placed on the carriage in it in such a way that tiie 
small hole and slot in the weight pass over the conical pins. Tbf 
weights are moved by means of a slideri which slides on a rail fed 
to the sole-plate of the instrument, and carries a pendant ^^ith 1 
vertical a ma intended to pass up through the rectangular recess in the 
front of the weight and carriage^ The slider and weight are shoirn 
in position in the figures. The slider is moved by silk cords, whicb 
pass out at the ends of the glass case. When the cords are not being 

' Including resistance of the iostrumeat, which is about 50 ohn 
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Dulled for shifting the weight, their ends should he left free so that the 
IJendant may hang clear of the weight. ^Vhen a weight is to be placed 
on or removed from the carriage, the slider should be drawn forward 
atthe top umil it is clear of the weighty and then pushed to one side 
until the weight is adjusted, when it may be repjaced In position in a 
similar mannert 

16. C)1indrical counterpoise weights with a cross*har passed 
through them are supplied for the purpose of balancing the sliding 
WTights when they arc placed at the zero of the scale* The sliding 
weight should be placed so that the index of the carriage points to the 
zero gf the scale, and the proper counterpoise weight should be placed 
in the trough, fixed to the right-hand end of the beam, with its cross- 
har passing through the hole in the bottom of the trough. The flag 
which is attached to the cross- trunnion of the beam should then be 
lumedby means of the handle projecting from under the sole- pi ate, 
until the index on the end of the movable scale points to the middle 
one of the five black lines on the fixed scale opposite to it. Cart 
> ^mt k tak£H whfn making ihis ndjnstmeni that (h^ fork u^hkh 
' ttm^ti thrflag is fi0f kfi in amtad %mth it^ as this won id impede tiu 
fm imng of the beam. The fork should be turned back a little after 
each adjustment of the flag, and, when the flag is being adjusted, it is 
better to watch the flag itself, and make successive small adjustments 
wntil the beam stands at zero, than to make successive trials by push- 
ing round the handle while watching the position of the index. 

If the ligament has stretched since the instrument was standard- 
*^d, the index at one end of the movable scale will be found to be 
below the middle line on its vertical scalc^ when the indent at the other 
^nd is correctly pointing to the stero position. The error so intro- 
duced would be a small one, but it may be easily put right by slightly 
It'osening the screws fixing the pillared frame, which supports the 
movable beam, to the base plate, and raising it by slipping one or two 
*^>ickaesses of paper below it until the indices simultaneously point to 
tbeinero position. 

i;. A lens is supplied with each instrument for facilitating ac- 
c*itate observation, either when reading the position of the weight or 
*hen adjusting the ^ero. 

t&. The vibrations of the beam may be checked so as to facihtate 
teading by bringing the pendant, which moves the weight, lightly into 
^cmtact with it^ in such a way as to give a little friction without 
*^ving the weights. 

\% In using the centl-ampere balance as a voltmeter when great 
^(^curacy is required, care must be taken that the effect of change of 
tonperature in changing the resistance of the coils of the instrument, 
and of the external resistance coils, is allowed for ; and in this use of 
^^ instrument it is advisable to employ currents such as can be 
ineasured by the lightest weight on the beam* When the instrument 
i* lo be used as a voltmeter, four resistances ace provided, three of 
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resistance of the coils of the mstrumcnt at a certain specified I 
peramre. The smallest resistance is m tended to be mcluded by itself I 
in the circuit when the lowest potentials are being measured, anrf ifl 
series with one or more of the others when the potential is so high as 
to give a stronger current than can be measured with the lightest 
weight on the beam* The correction for temperature is, for the copp^ 
coils of the balance, about o'jS per cent, per degree Centigrade, 
and for the platinoid resistances, about o"024 per cent, per degrci? 
Centigrade, 



Adjustat>le Masrneto- static Current Meter. 

The magneto-static current meter (Fig* 137) consists essentially 
of a small steel magnet or sv^stem of magnets suspended m the centr?: 
of a uniform held of force due to two coils, each havinj> one or Duore 

turns of copper nbbon or 
wire, and also under the direc- 
tive influence of two sj^ftcms 
of po^vcrful steel magnets. 

2. The suspended system 
of magnets is attached to mt 
end of a vertical shaft passing 
down centrally through m 
opening in the sole-pIatc of 
the instrument from an indi* 
ceiling needle, which is s«p 
ported by a jewelled cap 
rt sting upon an iridium point 

3. The two systems of 
directive magnets are circular 
in form, and each rtnj; is 
composed of two semicirpiUf 
magnets placed in a bras^ 

cylindrical frame with their simitar poles together Each sj^tem is 
securely fixed to a circular brass frame, which fits on to the cylindrical 
case of the instrument in such a manner that the systems are capable 
of being turned round, together or separately^ as explained below. 

4- The tnstnimcnt has a ** tangent scale," which is adjusted in its 
position before the instniment is sent out, so that the needle indiata 
equal differences of readings for equal differences of current Thf 
scale consists of a hundred divisions, and for most purposes it is con- 
venient to set the field magnets in such a position that the nctdk 
points to o, and to use the scale from that point upwards towards loct 
Sometimes, however, it may be found con\'enient to measure currtnts* 
whose direction is being occasionally leversed^ without being at tk 
trouble of reversing the electrodes in the contact clip ; in that case the 




FIG. 137. 
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Tcro should be set to the division 50 at the middle of the scnb^ and 
readings taken on each side of it- It niust be remembered that when 
ihe point taken as ^ero is chan^^ed, the cvttstani, by which the indica* 
tion^ of the instrument have to be multiplied to jjive the current in 
amperes, is changed in proportion to the cosine of the angle between 
the zero point and the middle of Ihe scale j and as this angle is 60*^, the 
c^nstimi with the zero at 50 on the scale is exactly double the amstani 
with the zero at o on the scale, 

5, The instrument is provided with a '' lifter,'' which serves to raise 
the needle off the iridium point when it is being moved about from 
place to place. This lifter is in the form of a ring placed below the 
needle, and may be raised or lowered by turning the handle attached 
to an eccentric passing through the side of the instrument on a level 
with the scale. It also serves as a checker, by bringing it lightly into 
comact with the pointer, so as to stop its vibrations. 

6, The instrument has an advantage^ important for some practical 
purposes, of being available as an accurate direct reading current 
meter, through a continuous range of from 1 to 100 times its smallest 
current, which may be anything from half a milliampere to 4 
annps., according to the number of turns in the coils supplied with 
the iDstrumem. It is not, however, available as an alternate current 
instrument, and it must be remembered that the magnetism of the 
steel directing magnet does not remain absahtUly constant With 
good quality of steeU a proper preliminar>^ ^gd^^g of the magnet (bj' 
heating it several tjines in boiling water and cooling it again, and sub- 
jecting it to somewhat varied rough usage) brings it to a condition in 
wbich its magnetism is found to remain exceedingly nearly constant 
month after month and year after year. Stilly it should never be relied 
upon as ahoiutely constant, and for accurate laboratory work it is 
therefore necessar)- to occasionally standardize it. 

7, Another advantage w^hich the instrument has is that, when a 
standard instrument is available^ its ccinstant is capable of being varied 
ta any desired value down to one-tenth of that which it has with its 
directive magnets in their strongest position. Thus if the constant 
should be 3 amps* per division of the scale, with the similar poles of 
the magnets coinciding, it tnay be adjusted to any value down to 
0*5 amp. per division. 

8, Instructions for Use of the Magneto- static Current Meters. 
— The instrument should be levelled, in accordance with the attached 
spiril-levcl, by means of the levelling screws, 

9, To adjust the Pointer to Zero.^ — {a) Loosen the two lower 
millcd-headed screws clamping the magnet frame, and turn the frame 
round till the pointer stands at zero, {b) Rcclamp the frame by 
tightening the two screws. 

ic, Adjustmcni 0/ the Sca/^.— The scale, as stated above 
(sect. 4), is firmly clamped in its place before sending the instrument 
out, and this position is marked by two lines on the outside of the 
case* one horizontal and the other vertical, just below the o of the 
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scale. The horizontal line is engraved below the movable top of " 
the inslmment, and the vertical one on the side of the case. Shoykl 
thr top of the instrument have been inadvertently moved, and the 
scale thus put out of adjustment, it may be set right hy sUghttj 
loosening the two slotted screxvs and turning the top rotmd till the 
cxtreinitic^ of the two lines coincide. 

f k If the needle should by accident be slightly bent/ Jind so 
render a new adjustment of the scale necessary, iJiis may readily be 
m;ide in the following manner : Set the iero^ by the field magneUjiu 
the division 50 at the middle of the scale, then join the instnmient in 
sencs with another current instrument of convenient form, and pass J 
current throu^^h both sufficient to give a deflection af about 40 divisioR* 
on the maj^netO'Static instmment ; reverse the current on the magneif^ 
static instrument only^ and set the scale so that equal deflections, read 
in divisions, are given on each side of the iero for equal curretits, as 
indicated on the auxihar)' instrument The zero must, of course, be j 
reset by the mag^nets every^ time the scale is moved. When the scakH 
has been adjusted to this position, firmly clamp the top of the ifismi- 
mcnt by the two slotted screws, and again mark the position of the 
horiiontal line on the outside of the case, 

12. AdjHSimfHt ^f Ctms/iint— The constant may Ik? ijuick 
varied as follows: Join the instrument in series with any relia 
current instrument of known accuracy, such as the dect-ampeie' 
balance, and pass a convenient current through both instruments, 
observing the readings. Break the current, loosen the two upper pair* 
of milled-headed screws, and turn the top system of magnets relativeh 
to the lower, so that the similar poles of the two systems are brougfat 
closer together or moved further apart^ according as it is dcsta-d to 
make the instntmeni respectively less or more sensiti%'e. RccUmp 
the scres>'s and adjust the aero as described in sect, lou Again m^tc 
the current, and note the reading on the two instrumenis. The desimi 
reading on the magneto- static may be obtained quickly after one Of 
two approximations, care being always taken to readjust the were ^l^cr 
each movement of the top magnets. 

1 3. When convenient it is ahvays best to standardite the instrument 
in the place where it is to be used ; but when it is intended to move ii 
from place to place, it should he standardized in such a posit Jon xhatt 
when the needle is pointing to icro it is in a direction approximatell.^ 
east and west. 








Reflecttng Galvanometers. 

A simple fom> of reflecting gaKunomcler is shown in Fig. 1 38, 
consistsof iwocoilsof fine silk-covered copper wire wound on a wooden 

^ If it is hcDt so tartly as to be perceptible to the eye^ it ought tn be 

straightened by hand as nearly as may be. 
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frbbiti^ having a small hole through its cenirc and ont* end hollowed 
K tnjm pel-shaped. The bobbin is fixed to two brass standards on a 

base supported on three levelling screws. The ends of each coil are 

connected to the right and left hand pairs of terminals respectively on 

the base. A wooden plug terminating in a knob at one end is inserted 

in the hole through the coil, and extends just as tar as the centre of 

the coil. A pin is in- 
serted in the edge of 

the other end of this 

plug, and the mirror^ 

with its one or more 

needles fixed to its 

back, is suspended from 

it by a short fine silk 

fibre. Two small pieces 

of fine watch- spring, 

inagnctiiEed and fixed to 

the back of the mirror 

^ ith like poles together, 

form a %^ery good needle. 

The inner turns of the 

coil are brought as close 

to the needles as pos- 
sible, to increase the 

sensitiveness of the gal- 

variometer, and the end 

of ibe bobbin is trumpet- 

shaped to allow of a 

wider angle of reflection 
of the mirror, A con- 
trolling magnet^ resting 
on a pin attached to a 
clamp, can be cl:Mri[^i 1 
in any position ui* * 1 
down the slot in the 
front standard, by the 
milled nut shown. Thus the magnitude of thef control can be altered 
at will^ and the magnet turned on the pin to bring the spot of 
light reflected from the mirror to ^ero on the scale. The "figure of 
rnerit '* of this form of galvanometer is very high considering its simple 
construction, and its resistance can be made anything desired. 

With it possessing two coils, these can be used either singly or in 
series helping or opposing one another, or in parallel, thereby giving 
an extended range both in resistance and sensitiveness. 
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cmtltret kvcUing screws. The centres of each coil al the thin flange 

end are hollowed imt tninipet-shLi]ied as much as possible, and these 

two ends of the coils brought close together and fixed by ebonite 

angle brackets on the outer ends of the coils. On an aluminium wire 

re fixed three sets of little may:neiic needles, together with the small 

Ducave mirror at the top, as seen* The middle set can just move 

Tcely in the hollowed coil centres, and forms an astatic combination 

riih the remaining two sets close to the top and bottom of the corb* 




Fiu 140. 

Tais ma^et system is suspended by a fine silk fibre from a milled- 
^t^aded pin^ which can move up or down in the top of a standard of 
*fle shape shown, and a glass shade protects these parts from air 
draughts, h will now be seen that, when the coils are joined up so 
«at opposite polarities are adjacent, the two outside sets of magnets 
fft affected by the outside convolutions of the two coils, and will 
liotli be defiected in the same direction as the middle set. Thus 
the deflecting couple will be that due to the sum of the couples acting 
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on the three sets of nccrdlcs individually. To obtain greater dami;r:»«ng 
due to air resistance, a light mica strip may be used instead of tbe 
iiluminmm* To make the galvanometer ballistic use tbe wire» ant=3 Iti 
iiddition weight the needle sj stem so as to incrense its periodic t -^me 
of oscillation. 



Thomson Hi^rh- resistance Astatic OaLvanometer 

Fig. 141 represents a delicate and highly sensitive galvanom^—'tef^ 
commonly known as the Thomson high resistance astatic galv^^Jii). 
meter, which is capable of detecting exceedingly small currents, sue "^3$ 

might flow through the insulation <^f a 
cable. It consists of four coils of ^*«7 
fine sitk'covcred copper wire, mouTilcd 
in four ebonite coil boxes, and arran^ad 
tn two pairs with the magnetic axes of 
each pair in the same straight Imt. 
Each coil is slightly hollowed out at 
the centre, and when these hollows of a 
pair of coils are close tc^ether and just 
opposite, sufficient roorn is obtained for 
the motion of the small suspcndir*i 
magnetic needles inside. 

The two pairs of coil boxes af^ 
supported one above the other by tw*"*^ 
corrugated ebonite pillars ai the side^j 
and the two front boxes arc hinged aii^ 
secured by means of spring buiions t*^ 
the fixed boxes at the back. Suspeude^*^ 
by a tine silk fibre, attached to a poir** 
over the lop of the upper coils, arc tur*^ 
sets of magnetic needles, rigidly lixe^ 
to a tight aluminium wire, and arrange^ 
a statically. The needles of each s^* 
have their like poles facing one wmy 
and close together, so that each s^* 
can move freely in the hollow opening between the centres of eacl* 
pair of coils. The mirror, together with a light mica vane, is 6ie<5 
to the aluminium wire midway between the coils, as seen, Th*^ 
is a much better plan than that of attaching the mirror to one set <^^ 
magnetic needles, which necessitates having a large opening in tt»^ 
front coil of that pair, and prevenis the turns of wire being bro-ugt** 
so close to the needles, which is of the utmost importance, Arec*' 
angular shade or cover protects the interior from draughts, and at ll^^^ 
saniL* time supports on its top a vertical rod, which can be rotated tp^'* 
a worm and wheel, and carries the cuned controlling magnet, Tt»-^ 
ebonite base, which carries two pairs of terminals connected to tim^ 
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two pairs of coils, and also a spirit-level^ is supported on three levelling 
screws, 10 enable it to be carefully levelled. These galvanometers are 
wcrtind to from 5000 to 100,000 ohms or more* 

I Fig* 142 shows a %*ery sensitive form of high -resistance balliscic 
Ivanometer, which will be found verj- useful for measuring quanti- 
ties of electricity, for capacity^ and other accurate work. The principle 
aiid action ts identically the same as that of the Mather galvanometer 



High -resistance Astatic Ballistic Galvanometer. 




Fig, \;\2 



h, 
■J 

K 



ribcd on p, 2S3. The fi^ojre practically shows all the details of 
construction, but there are nevertheless some characteristic points 
ibout k that may be noted. The magnetic needles arc belt-shaped. 

id those at the top and bottom of the coils together form an astatic 
combination with those at the centre of the two coils. To obtain 
cckinpletc accessibility to the magnet system^ the front coil is hinged* 
^ shown. By making all except the brass parts of ebonite very 
%h insulation resistance is obtained, which is of the utmost value. 
|Thc msirument, which can be wound to any resistance, usually totals 

Wt lo^ooo ohms. Two controlling magnets are provided, one on 
the lop of the brass case, and one capable of sliding along a rod at 
^c back of the instrument ; both can rotate on their spindles* 

The two terminals, instead of being on the base, which would lower 
^^e insuktion resistance, are attached to two brass rods, which pass 
through much larger holes on each side of the case, and screw into 
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brass blocks carried by ebonite pilfars, and to which the coil end ^ ^tc 
brought. Ebonite plugs slide along the terminal rods, and fit the ^asti 
closely to prevent the entrance of dust. When, however, the galv ^^^ 
meter is in use, these must be pulled out to increase the insul^^^ Ufln 
resistance of the instrument. 



Ref lectins D'Arsanval Qalvanometer. 






Fig. 145 shows a verj' convenient form of reflecting D'Arso:«^val 
galvanometer suitable for ballistic purposes. It consists of a pow*^i^l 
permanent steel magnet of th:; form shown, let into and supporte*:! oa 
the ebonite base, which rests on three levelling screws* A standarci at 
the back, which is fixed to the base, holds the magnet ends firml>' m 
poshion, and carries a light brass pillar, to the head of which the sus- 
pension is soldered. A rectangular coil of tine wire, wound on a Wghi 




Fig. I4J, 



n on- metallic frame ^ carries a small concave mirror, and one end is 
attached to the phosphor-bronze strip suspension, while the other is 
attached to a similar strip underneath, the lower end of which is held 
down by a spring strip on the base. The coil encircles a cylindrical 
piece of good soft iron, often termed the armature, fixed to the standard, 
and which concentrates the flow of lines of force through the coil from 
pole to pole, thus making the galvanometer more sensitive. One 
tc;rminal on the base is connected with the top suspension, and the 
other with the bottom* Thus a source of E-M.F* placed across the 
terminals will send a current round the co\\^ which will be dcflt^cted 
such a direction that its o^^ n lines of force tend to coincide in directii 
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rith those o£ the fixed iicld. The periodic time of oscillation can be 
lade almost anythin^'^ within reason, and of course depends oti the 
loment of inertia of the coil. This type of galvanometer can, on 
tie contrary, be made ver)^ aperiodic by winding the cotl on a hght 
luminium or thin copper frame. Then, when it begins to move, eddy 
r Foucault currents are induced in the frame, because of it cutting 
>e lines of force due to the fixed field, which damp its oscillations, 
*Iiese galvanometers can be made very sensitive, and the great ad- 
am age of them is that not only arc the scale deficctions directly 
roportional to the current, hut such deflections can he immediately 
amped down £0 zero by short circuiting the coil with a suitable key* 



I 



Noil -refkc ting D'Arsotival Galvanometer* 



A non- reflecting form of D'Arsonval is that devised by Carpentier, 
nd shown in Fig. 144, It is a very sensitive and extremely useful 
rpe in that it is a zero 
istniment, and the 
tirrents are observed 
mbout the aid of a 
ninor, etc. It con- 
ists of a rectangular 
:oil of very fim: mvx: 
Tound on a light alu- 
™ium frame 10 make 
tile instrument aperi- 
odic* This encircles 
* soft iron armature, 
^d is suspended be- 
t'Acen the poles of a 
pwerfiil laminated 
stetl magnet by means 
of a fine spiral phos- 
pbot*bronie spring. 
Tbc upper end of this 
^ptiBg is attached to 
^ torsion head, carr)'- 
%' a pointer, which 
fnoves over a uniform 
scale supported by the 
iarae stand ;irds as 
the torsion head and 
n'^Sfnets. A second 
spfing is fitted under- 
ne^th tbc coil, but in 
ttic reverse sense to 
ite top one, in the same way as the stnp in the previous D "Arson val 
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The two Urge tcrmin.xls shown are connected to ihc coil through tie 
two springs. The smaller pair of terminals are an addition to the 
l^alvimomctcr for a special purpose^and need not be further mentioned, 
A light uluminium index arm is rigidly fixed to the top of the coil, 
and moves over a short index scale carried on the top of the pillai 
shown in front, and constitutes the zero arrangement. The topmosi 
milled head when turned raises or lowers the coil, and turns with tlie 
lorsion head just under it, l*he ifalvanometer is protected hy a ^ 
shade from draughts, ;md rests on three legs. The moving coil cin 
wound to have either a high or low resistance as requirecL 



Westoti Voltni€t€r> 



Fig. 14S shows a Weston voltmeter giving a full-scale deflectior* 
for I volt, and having a resistance of loo ohms. The sever* 
terminals on the right are connected to anti-inductive platinoiC^ 
resistances contained in the cubical box on the right. These \m% ^ 
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Fig, 145. 
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mulliples of 100 ohms, the arrangemctit ai once enables htghi 
voltages than i voH to be measured* This question, howe^-er, will 
be deferred to our volume on Advanced Testing in Electrical 
Engineenng^ as also the construction of the Weston voltmeter ^ 
suffice It njcrch to say that il is a pivoted D'ArsonvaJ galvanomei 
with IV spring control, and when used as a shunt to any of 
standard low resistances described on p. 311, it foiTns a most c 
venient means of measuring current by the principle of ** Obm's law, 
It will be found most useful for measuring ctirrent in the iron tests 
i^viitc p* 146. <'/j/i,\V 
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Quadrant Elect rometen 

A simple aiid convenient form of quadrant dectrometer^ and one 
that is susceptible of a hi^h degree of sensitiveness, is that made by 
M. J. Carpentiefj a slight modification of which is shovvn in Fij^. 
146. It consists of a ptrm*meiit laminated steel U-shaped mag n el, 
let imo and lixed by brass angles to a polished ebonite base on three 
levelling screws. Between the two magnet poles is fixed the moving 
needle and fixed quadrants seen in Fig* 147- This arrangement 



N- 



1/ 



Fig. 14b. 



Fig. 147. 



Ti5^sts of four quad rant -shaped iron plates, PP^ QQ, fixed, In a 
ylmdrical form, to a piece of ebonite, E, of the same length as the 
^aks, and having a cross-section as shown in the shaded cross at the 
0}*. A rather broad rectangular needle or frame, N, made ot thin 
aluminium strip, is suspended by a fine metallic strip, y^ from a pin 
amcd at the end of a squared ebonite rod, which can be raised or 

*crcd by the top screw on the brass pillar at the back. The lower 
"t,/, IS attached to the end of a sprinjjf strip of brass, and keeps the 

ccdle N central with FP and QQ. Outside these latter, but not shown 

U 
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in Fig. 147, are four exactly similar quadrant plates of brass screwed to 
them with distance pieces between, so that N can just rotate freely 
between the brass and iron plates, of which opposite pairs are metal- 
lically connected together, and to the outside terminals of the three 
shown. The quadrants are carried b>' the standard at the back. The 
middle terminal is connected to N through the upright angle wire seen 
on the left and the suspension /. The whole of the interior is pro- 
tected by a glass shade from draughts of air. y supplies the requisite 
torsion, when the torsion head is turned, for turning N to any desired 
position inside the quadrants. This quadrant electrometer is rendered 
aperiodic, or dead-beat, as it is usually called, by the powerful magnetic 
field which passes across the needle, inducing eddy currents in this 
latter immediate^ it moves, which, by Lcnz's law, tends to stop the 
motion. In this and all electrometers the difficulty of sufficient insu- 
lation makes itself felt. If this form be used idiostaticaUy, />. with 
the needle joined to one pair of quadrants, and therefore no initial 
charge, it can be made to give about 25 cms, deflection per 75 volts 
on a scale placed at the usual distance from the mirror fixed to N ; or 
if it is used heterostatically, and the needle charge separately to 100 
volts, a deflection of i cm. per volt is obtained. 



Electrometers. 

Introductory. — As distinguished from the class of instrument 
termed a galvanometer, which in any form whatsoever measures dif- 
ferences of electric potential by means of the electro-magnetic effects 
set up by the actual passage of currents of electricity due to such P.D/s, 
the electrometer is an instrument for measuring P.D.'s by the effects 
of electrostatic attraction or repulsion between two bodies at different 
potentials. Thus it will be seen that one great distinctive difference 
exists between the galvanometer and the electrometer, namely, that 
the former passes a current, while the latter passes fio current when 
used to measure P.I) 's. This feature in many classes of measure- 
ment renders one or other of the instnunenls totally unsuitable for 
the work. 

There are a large number of different forms of electrometers, but 
these may be classified into four distinct types, depending, in general, 
on the configuration of the particular instrument, and are as follows :— 

(i.) Repulsion electrometers; (ii.) attracted disc electrometers; 
(iii.) capillary electrometers ; (iv.) symmetrical electrometers. 

In the following pa^es we shall restrict ourselves to the t>'pe (iv."^ 
of symmetrical electrometer, and of the particular design commonly 
known as the " quadrant fortn,'^ which was originally devised by Lord 
Kelvin, then Sir William Thomson, and hence, even up to the present 
time, is commonly called by the latter name. Though there are many 
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llcclrometer constructed after this particular symmetrical 
for instance, those of Kdvin, Chfton, Carpentier, etc, the 
inderlying the action of each is the same, and will be under- 
eference lo Fig. 148, L and TL^ which shows the arrangement 
e Kelvin electrometer. It consists of a light metallic needkv 
e of ihc shape shown, out of the 
luminium sheet that will maintain 
from the pomt of \ iew of rigidity, 
leedle is suspended by a fibre of 
Ik {two being used in the actual 
ictrometer), so that it can turn m 
tal plane, like a compass needle, 
r brasjs qtiadrant boxes, a^ d, ^ ti, 
ix% together a flat hollow c>'lin- 
t us seen, and which is placed 
ly. Each quadrant box ts highly 

from the next and rest of the 
t by being supported by a glass 
id, not seen in the figures , Oppo- 
% fi^ ii and b^ c, are connected 
y by wires, and are therefore 
the same potential. The principle 
;s as foflows : Suppose the needle, 
ositively charged in some con- 
anner^ to be described later ; then, 
ms rt ;tnd d are connected to 
:o the negative pole of source of 
rhile € and /^ are joined to the 
3 therefore have a positive charge^ NN will be repelled 
nes ^ and r, and attracted into a and f/, thus causing a de- 
hich will be greater the higher the potential of NN, or the 
? E, M » F, a ppl i ed to the t wo p;t i rs f qu a rt er cy li n der s. \X hen 

and quadrants arc at the same potential, ix. when it is not 
J is uiade to take up the position of symmeirj^ with respetrt 
drants, shown in Fig. 148, IL For the shape of the needle 
id the fact that the quadrants are very close together, 
of force produced inside the quadrants and acting on the 
It be very approximately tjniform in and near this jiexo 
o that the deflection will be very approximately proportional 
D. between the two pairs of quadrants. We will now 
13 some detail the somewhat elaborate form of quadrant 
cr designed by Lord Kelvin and made by Messrs. White of 




quiremenis which this instrument satisfies are as follows : — 
means of maintaining, varying, and indicating the electrifi- 
he needle. 

Beans of controlling the needle, and of ensuring that this is 
rkh time and use* 
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<3) A ttiesas of rafyi&g sligfaity tlic direcdrc force of tht! comritl . 
JiAd s31 fT^^«rf"g that it nanams constant aiterwaitU^ 

(ti A meam oCiadicatiilif iliic ntocions of the needle accuratfh. 
Tbe g l e are m e ta-, wilkk is kii^lx used for ins!u!atii>n re 

m cmmectMm «itb cable work, etc^ i^ sJaown i 

149, h, and in sectional devalioEi i 

Fig. U9, 11. The body of ib 



|ic t^pecfi »g ID F%^ t|o Apd 



I 





l-to, 150 



instnuBent coasisti of an mvttli 
gliiss shade, carried in an oui 
bra-ss framework pruvidcd * 
a number of recurtKisl^ir .i|rf- 
ttircs^ and supported on ihm 
ebonite levelling screws, TTi^ 
inverted gla^ shade, or bell |ir, 
IS coaled externally with ^f^ 
of tin- foil in such a way a* 
leave openings or windows 
intervals ihrough which 
interior can be seen. 

The foil b in electric 
nection with the outer 
^mmewori^ With strong ait- 
phtirtc acid contained in iht: p^. 
the arrangetucnt constitutes 4Jiti 
is tenned the ** /jy^d^a Jar^ d 
the ekctromcier. The acid m 
only keeps the interior t^ the jar dr>v ciwing to its avidit}^ for motsturr, 
but, from its being a conducloTj it forms the other co,-iting of tk 
Leyden jar 

The top of the jar is closed by n flut metal lid, which «e »h:itl 
term the ''main cover" (vidiT Fig. 149, lh% luid which carrier ik 
whole mechanism of the instfsinenL \jsibie o© the top of this mwn 
cover (j*id^ Figs, 149 and 1 50) ts an ebonite mkrometfr kmd^ which 
when turned causes one of the quadrant boxes to close up to or lecedf 
from the others. This head, which is Bndy graduated on its periplirrT. 
rotates past a l^xed index mark^ and is seen sligbtly to the telt of (^^ 
front. On the right of Fig. 14^ J, and 1L» can be seen the electrode 
nr terminal of the imdiHtmu piaie^ which uill be referred 10 A^m 
later on. 

The head of the rffiUms^rr is seen on the left (Flgsu 150 and Us^ 
L). A circular spirit-level seen most clearly in Fig. 1 50 to tbe IhflU, 
is for the purpose of carefidl} leveUing the instniment^ so th^a ibr 
needle hangs freely, mnd always in the same position rdattveiy to tk 
quadrants. 

The two similar-looking terminals {Fig. 150), seen above the ^* 
men t*sh aped glass top at the back of lu ^^rc the two elecuodes of tk 
two pairs of quadrants, and that by the side of them, to the nghl, U 
the charging electrode for charging the needle. The former eaa by 
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x-^bing ihem be disconnected from the quadrants. The erection in 
mlje centre of the main cover b called the lanM^y and has as seen a 
^e^ment -shaped glass top and a Hat glass side (at the back) not seen- 
Eoside this is an atfraftinj( pMe supported by a glass stem (Fig. 149, 
I IX which carries the mirror and ntedk by a btfilar suspemion. 

In the uppermosi portion of the lantern is X\i^ ^auge^ by means of 
%-%hich the potential of the needle is regulated, and which is really an 
^MiiratM disf fkiiromtrUr. 

The four quadrants and tbe induction plate above one of them arc 
supported from the under side of the main cover by glass stems, The 
^peedle previously mentioned is of the shape there given^ and is about 
^ft square cms, in area, and weighs about /^ grm^ 

^" The Oauge is shown more in detail in Fig. 151, I. Above the metal 

.attracting plate just mentioned, in the upper part of the lantern, w hich 

plate IS connected with the needle electrically, and hence with the 

Inside of the Le)*den jar, but insulated from aH other parts of the 

instnmxem, is an arrn^ h^ turning on a horiiontal axis, /, consisting of 

3. slrctcbcd platinum wire,/, sapported by two pins or bridges, hb. The 

lighter end consists of a t>quare plate^ P, of 

thin sheet aluminium, which lies parallel to the 

attracting plate when the arm h is horijtontal- 

This last-naiiied plate charges F inductively, 

but with the opposite kind of electricity, and 

therefore attracts it. The heavier end of the 

arni/tenninates in a horiuintal fork, K, across 

which a fine hair is stretched. A white enamel 

index fixed to the stand, and having two dots 

ou it, projects up through the fork, and both * '5*' 

ifais and the hair, which plays In front of them, are observed through 

a kns, L, just in front, and seen in the figures. The arm and dots 

it the onset are so adjusted that when tbe needle is properly charged, 

4h€ hair appears exactly midway between the dots. If the needle is 

ercharged, V is attracted further down, and closer to the plate under 

ll' and X)x<t hair rises ; if, however, tlie needle is insufficiently charged, 

fbL' hair falls. 

Kig, 151, II., shows the mirror and its bi filar suspension, together 
i^ith the circular attracting disc at the top* 

The Suspension, which is bifilm\ consists of tw t> silk fibres, the 
ipper ends of which are fixed to and wound round two pins, t and d. 
tThese may be turned slightly in their sockets by a square pointed key 
ha^nging at the edge of the main cover (Fig. 149, L) ; and in this 
iy tbcy equalize the tensions op the two fibres, and at the same time 
Mjiist the height of the needle so that it is midway between the upper 
•aid lower surfaces of the quadrants* a and b are iwo screw pins 
pivou*d in blocks carried by the spring strips t* andyi When, there- 
fort, a and t are turned by a key clockwise, they butt up against a 
^*ed plate at the back of e and /, and throw forward the suspending 
pin r and d^ and the reverse is the case when they are screwed out. 







( 




tte mmy the iic^le csn be ^ven a slight ttsn^ laniil it i^ts tk I 
i vi symmetry Ftg. 14^, EL)f tht qoadiants al the tune being I 
sfaxvKircititcd and earthed. A is a conical pin iriiidi when pressed 
to forces tbe plales to wfaicli r and ^are sepajatdf fixed apoit* and st> 
tlie senstiielitT ciC tlie needle to a deflecting force. Any 
of die dbtance between c and d can bf this means be ^ 
rSected from ^ iach to | inch. The lower ends of the fibrei : 





attached to a cross or T-piece formed on the upptr end of 3. light 1 
stiff platinum wire, to which the mirror and needle are rigidly fcccd. 

The ** Replenishcr," which was devised by Lord Kelvin, is for ihc 
purpose of maintaining the charge of the needle ; in olher words, t* 
supply what portions of the charge ^^ lost by leakage^ and thus 
maintain the hair of (he g^twj^e midway between the dots. 

It is an accumulating intiucncc machine which builds up potcnti^ 
on what is usually termed ** the Lompttuttfi interesi iatvJ^ Fig* 151, 
IlL, shows this Thomson replenisher in pcrsjiectivej and Fig, Ip 
s; mbolically in plan. Two brass carriers, C and D» are fixed eccen- 
trically to an ebonite arm, carried by the vertical ebonite spindk^ E 
(Fig, J5i» in.), which can be rotated by the milled ebonite head M< 
A and B arc two imitict&rs^ and S, S' two springs connected by x 
wire, ^1 (Fig. 152), and which touch C and D as they rotate. 
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g-. 151, in*j S, S' arc connected by the brass strip M, which passes 
roiiEicl the edge of the ebonite centre pUie P, which carries the 1o\n er 
|3t*aring of E. Fig, 151, III.^ shows, without need of further explan^i- 
ficjn, how the various parts are disposed and supported- 

The action is as follows : When the carriers C, I> simultaneously 
:ouch 5,S\ any charges they contained neutralize, and the next instant 
Mcy are acted on induciively by the charges in the inductors A and B ; 
ind on touching, j, / part with their chi^ri^eH to A and B, and in this 
way the charges on A and B rapidly accymulatc* 

In practice there is always a sufficiently lar^'e F,D. between A and B 
10 ^tart the action on turning the spindle E, To avoid, however, 
l^nd B losing the greater p.irt of iheir charge, when the replenisher 




Fig. 152. 



' ^l in use, by touching C and D accidentally^ the milled head M is 

Tn^^nip.'iJ from turning by a pin fixed to the head H, catching a hole 

^ M when H is turned to a certain position. When H is again turned 

^^'iil«t!y, the pin disengages from M^ which is therefore free to revolve. 

^ H IS lighdy locked in one or other of two positions by a spring, K, 

irti-sijig on a flat formed on H« In one position H locks M in turn, 

i in the other it does not. 

With ibe bell jar constructed of good glass, carefully washed with 
liilillcd water and dried thoroughly before ihe pure sulphuric acid is 
f m, tbc Lcyden jar can be made to instilate so well as not to lose so 
I as 1 per cent* of its charge in the course of 24 hours, and quite 
' turns of the replenisher will supply a much greater loss than this 
si'^ily in a few moments. 
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i m the eleetrcimrtcrpru(Kr[« f<^f 
PJI.V op «» iaf ioo Yolls to be iiieiiur^ ] 
, wkoe die P,D. is placi-d dirmk 
senflm^ that E.M.F.'s m 
\ be dealt wkli. Tbc mc of the iniiuamn 
ci^aArrabK, Refierrii^' lo Fig, ijv 
I is Ife i» i yrt i oft plate bksaLiled «md c^ime^! 
A bf a ^a« SIOB lar rod^Xt ^^^ t«> t^c uniici sui^; 

^ fif tiK matn cowr M, ai sbmrn. ] t is nonTicc' l 

witli tile bffmss tcimiiul or drctrodc E In 

fttSttitg ii|i tluo^ the ccmre of ttn 
dxjttitc piQir that carries E. The p!ai<r I i< 
placed directly tner o&c of the qu^idrant boxc^ 
Q. !f now it IS r^tiired to measure a VV 
too high for the ordinary arrangement, K \> 
% j^///m/w/j/ji3jJim. used for one electrode instead of the elearcidc 
Yic, ic^ maidng contact with the particijtaj- quadrani 

' " ^' under I, the latter electrode being rai^out^'f 

contact with that pair of boxes. Thus the potential of these latter i^ 
only that induced by I^ and is therefore considerably less than tkit i^f 
thi* iMJtly under test depending on the distance of I from Q, 

I'hc needle is connected w^ith the inner coating of the pr by ^n 
4tt*»( hp(J pl»itinuin wire, which passes down a wide protecting ttibe avA 
itifkN intu the *icid, A small platinum weight is fixed to the end, aod 
in complclely iinmcrsed, and acts as a damper to the motions of the 
nri*dlt% A sinail brass arm, attached to a vertical axis passing throa^h 
iha main luver, can by iis milled head on the top be turned so as ty^ 
touch the i|uudrant under the induction plate, and so discharge it. 




Bl<H;lroiiietcr Reversing and Short -ctrcuitlng Key. 



Htkmv »j>ccial form of ** reversing and short-circuiting " key, having 

A Ulifh iu^ulalKm rc«£i&iance^ must be employed when using an etcctr»^ 

uu^iii. t^; ii4 *h0w tht general form, and Fig, 155 the connections 

*'i ^td by Liifd Kehnn, if,^,*, and */ are brass studs, each 

1 terminal Only two of these termmals, T^ and T^ 

'\ 10 >4 and ^^ ait^ shonn ; those j(»med to r ^u^d j^^t 

1 . ^ T\> it ^tid # arc Jittached two brass strip spring! 

Y| iiiui ^41 vy^i.HU4v %4 ^»rt^Mun^ at the saaie time ifatiist a brass Mud./^ 

niM i^ t I J lui* t^hvr sttifi SfffUtgs of bfiS5» s^ and j^* connccic<l 

^, >uM ck*r ^ Aod J^ when these laner both pfei* 

\xMitnc L>jr tatt-^ha|ied |Nece of eboaiten^ E. is capabk 

ic arm A (to wbkb it is tixed)i tcr- 

. r,ii:ied or lowered. In Fig. iy% if*^* 

irds md two cocii.ici «ith s^ i whilir 

p ,. iMM^., > rv- .v>. v**H u«oop«laict witit /j^andi. aium^ 
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to contact wiih/. It will be noticed dial, owing to the cams being in 
exactly opposite positions in Figs, 154 and 155^ as seen, the contacts 
between the two pairs of springs will be made in just the reverse order 



^ 
^ 





KiG. 154- 



Fig. 1S5. 



^Pk thai mentioned in the key (Fig. 155), when h is moved yp or down. 
' The ke> is used as follows in priictice :— 

^^ Connections to Key. — a and b^ i.e. T, and Tj, are joined to the two 
^Btenninals of the two pairs of quadrants of the electrometer, of which 
^Kre will suppose that the pair of quadrants joined to b is also to ease, 
J nd therefore earthed, t' and ^/are joined to the positive and negative 
^—^pcflcs respccti^'ely of the batierj', 

^B Action of K€y*^(o) If 7M h ai O, a ami b arc skurt-dradiid 
^Bhrougb p^ and arc both earthed, thereby completely tiiuhmging thi' 
^BfWtf^fiiff^j while the battery is on open circuit* 

^^ f$) With k pressiUi tt^ r^ s.^ breaks contact \\\Kh p and makes 
I voniact with J, ; ihttefore the positive baitiry is jinited in T,, and the 
I ^(gativt battety h* *l\ dnd to eat tit. 

(7) Uyth h raised ta 2^ s^ rt^iakes and ^^^ breaks contact with /, 
^Ti^ r, and *f I arc connected ; thefcfare thi p&sitivt battery is jm'ffed ttt 
Tj, dftd die nej^atitfe battery to T,. 

Thus in moving // from i to 3, the quadrants are charged, then 
^Hcjrted, and then charged in the reverse sense. 

U may here be convenient and advisable to note the relation 
^U\rk% bHetween the deflection D of the spot of light on the scale and 
Iht pcjteniiab of the various parts of the electrometer. Let Vj, V^ 
^ the rcspeelive potentiah of the t^vo pairs of quadrants above tliat 
^ tbc framework (earth) of the insirunr\entj and V that of the needle 
*bovf earth. Then we have— 

Do.(V, *V,){V-KV,+V,)J ..... (I) 

I mm which we see that D becomes greater, /Uv the electromcto' more 
Ueisitivc, as V, the potential of the needle, gets greater* 
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There are two principal methods or ways of using an electrometer, 
(rt) ** Idiostaticalty^^ i.e, with the needle not charged to any separate 

or independent potential, but connected metallically to one pair of 

quadrants. In this case V = V, (suppose) ; 

.-. D oc (V, - V,)(V, - iV, - iV,) 

« (V, - v,xv, - V,)i 
.-. D oc J(V, - V,)2 (2) 

Hence the deflection is proportional to the square of the P.D. between 
the quadrants. 

(b) *''' Heterostatically^ i.e. with the needle charged to a separate and 
independent high potential when equation (i) gives the relation which 
exists. In this case it can be seen that if V is very large compared 
with V, or V^, that { V — i(Vi + Vj)} will be very nearly the same as V. 

.-. D « (V, - \gv 

Hence the deflection in this case is proportional to the P.D. (simply) 
between the quadrants, assuming Vto remain constant. 



The Quadrant Electrometer. 

The following are the directions for the adjustment and use of the 
quadrant electrometer, drawn up by W. Leitch : — 

I. Short Directions for placing and using an Electrometer 

already adjusted (sect, 
i-ioi. — I. Set down the in- 
strument where it is to be 
used, and put in the pre- 
pared sulphuric acid accord- 
ing to the directions in sect. 

2. Twist a fine copper 
wire round the charging rod 
C, fasten it by the clamping 
screws to the two chief elec- 
trodes A and B, to the elec- 
trode D of the induction 
plate, and to one of the bind- 
ing screws on the cover of 
the jar. Put the charging 
rod in connection by raising 
It slightly and turning it in 
the direction of the hands 
of a watch. 

3. Level the instrument 




Fig. 155J. 



l)y means of the circular spirit-level fixed on the cover, and see that 
the needle lies symmetrically, as represented in Fig. 148, II. 



Apparatus. 



301 



4. Place the scale at the proper distance, and so that the reflected 

tmagc of the wire, which is stretched vertically before the light, may 

stand at the middle of the scale* The two ends of the scale should 

be equally distant from the centre of the mirror. [The proper distance 

between the mirror aiKl the scale depends on the citrviiturc of the 

mirruf, and is found experimentally for each instrttment bv obser^ ing 

tt'bnt distance gives the best-dehned image of the stretched wire upon 

the scale. A note of this distance is sent along with the instrument.] 

The instrument and scale should always stand in this relative position, 

thit is, with the reflected image in the middle of the scaie when all 

electrical disturbance has been guarded against. 

^. 5, Now charge the jar through C, previously disconnected from 

^■be wire, which must still connect the electrodes with the cover. [The 

^trfearge may be ptit in by an electrophorus, an electrical machine, a 

Leyden jar charged from a machine, or any source from which a small 

[josilive chaj-ge may be obtained* it is found that a positive charge 

. Is kss Kable to be dissipated from the sharp edges of the needle than 

Ha negative.] 

^B 6. When the proper potential has been reached, k is indicated by 

Hthc hair of the aluminium balance rising. Use the replenisher to 

^r adjust the charge exactly, so that the hair may stand between the 

bbck spots when observed through the lens. When the lever carrying 

Elbe hair is ai either extremity of its raiige^ it is apt to adhere to the 
M^IK In using the replenisher to bring it from either limit, it is 
Btct^ssar>' to free it from the stop by tapping the cover of the jar with 
the tiDijers, 
7- If the charge has caused the reflected image to be deflected 
ittm the middle of the scale, it may be brought back to that position 
bytuming the micrometer screw which moves the fourth quadrant, and, 
if necessary^ shding out or in one or more of the other quadrants, and 
the irtstniment is ready for use» 

8* The small percentage of the charge lost from day lo day ma)' be 
ffcovered by using the replenisher, 

9. In using the instrument to measure a small diflference of poten- 
tials, such as that of the opposite poles of a single Daniefl s celL the 
poles aj^ connected with the studs of a key, from the springs of which 
wire* are led to the two chief electrodes A iind B, The wire led to A 
13 also connected with one of the binding screws on the cover of the 
lar, and that led to B is led also to the electrode D of the induction 
plate. When the key is put down, the image will be deflected over a 
Dumber of scale divisions proportional to the diflerence of potentials 
10 be measured ; on reversing the ke)', an equal deflection should take 
place in the opposite direction. 
^K iQ. To measure a much greater difference of potentials, such as 
^Hac of the opposite poles of a battery of thirty cells, the connections 
^■re the same, except that the electrode B is raised from the quadrant 
^Kneath it. If the act of disconnecting the electrode from the quadrani 
sliouid induce a charge in the latter indicated by a deflection of the 
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image, the quadrant is lo be earthed by making conuet wJih the 
dislnsulator situated bt-hind the lantern and beside ihe circular le\ cl i 
the milled vulcanite head of the disinsulator is to be tunied sa that 
the small pm projcctmg horizontally fram it may point to the letter 
" C *' (conneci) engraved on the cover. This being done, the Im^g^ 
will be brought back to its proper position of rest, and ihe qijadrant 
niu^t be insulated again by turning back the distnsutator to the position 
" D " (disconnect). With this arrangement differences of potential 
corresponding to about a hundred cells and uiider, will give deflections 
within the limits of the scale. 

IL Method of Adjustment* —At present all the quadrant. el^ 
nieters made arc adjusted and tested in the laboratory' of the 
before being sent to their destinations* The following is the pro* 
cess of adjustment, which it may possibly be necessar^^ to repeat 
lit the place where the instrument is to be used, tn the event of the 
adjustment being disturbed during transit. 

It. In the small pasteboard box which accompanies the itistm- 
ment will be found two square pointed keys, a brass guard tube with 
a narrow neck, and a fine platinum wire with a small loop at one end 
and a small platinum vveight at the other. The wire and tube must 
be placed in their proper position in the instrumcnL Take out the 
screws numbered 5, 6, and 7, which fasten the cover of the jar, Th^ 
cover being lifted oflf» and held in the hand of an assistant^ or proper!)^ 
supported about iS inches abo^ e the table, it \^ill be observed that th^ 
stiff platinum wire to which the needle is attached just appears belov^- 
the narrow guard tube enclosing it, in the centre of the quadrants, ancii 
terminates in a small hook. The loop at the end of the fine platinurx^ 
wire is to be slipped over this hook, so that the fine wire and weighmt 
may hang from it. The wide guard luhe found in the bo3Lj when in i^s 
proper jmsition^ forms a continuation of the tipper guard tube, so as to 
enclose the fine platinum wire just suspended* U must therefore t>c 
passed upwards o\'er the suspended wire» and neck foremost, until tti c 
neck embraces the lower part of the upper guard tube, where it must 
be fixed by the pin which is observed screwed into the latter ; this pirn 
is to be screwed out by means of one of the square -pointed keys fitting 
the square hole in its head, and screwed into its place again afccr 
passing through the small hole made for the purpose in the ne^k 
of the lower guard tube. This l>eing done, replace and fasten tlie 
cover. 

12, Lift otf the lantern, after taking out the two screw pins 
numbered 3 and 4, which fasten it to the cover, and ascertain whether 
the four quadrants iire hanging properly in their places^ with tbC 
upper surfaces in one horizontal plane when the instrument has beefl 
levelled according to the indication of the circular spirit-level on tbc 
cover of the jar. It will be observed that the needle and mirror have 
been secured during transit by a pin passing through the ring in tb^ 
I platinum wire just abo\ e the guard tube, and screwed into the brass 
plate behind* Screw out this pin with the long steel square -poinl^ 
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lfey» remove It carefally upon the point of the kc>\ and screw it into the 
hole made for h in the cover, just behind the main ^lass stem- The 
needle will now hang by the fibres* 

13* The two quadrants in front of the mirror should now be drawn 

ouiwajds from the centre as f;ir as the slots allow, by sliding outwards 

the screws from which they hang, and which project above the cover 

of the jar with tbcir nuts resting upon flat oblong washers. A better 

view m\{ thus be obtained of the needle. Us surfaces ought to be 

parallel to the upper and under surfaces of the quadrants, and midway 

betueen them. This will be best observed by looking through the 

glass of the jar just below the rim. If the needle requires to be raised 

or lowered, it is done by winding up or letting down the suspending 

fibres, that is, by turning the proper way the small pins c^ d. The 

suspending wire which passes through the centre of the needle should 

also be in the centre of the quadrants. This js best observed when the 

quadrants have been moved to their closest position, as in Fig. 148, 1 L 

The fourth qiiadrani is moved out or in by the micrometer screw with 

ihe graduated disc overhanging the edge of the cover, A deviation of 

ktk suspending wire from its proper central position^ if in the direction 
perpendicular to the mirror, may be corrected by means of the small 
icrews rt» /^ ; by screwing these inwards, that is, as the hands of a 
wakh move, the points of sus|)ension are brought forward towards the 
operator, and vice versd. A deviation in the transverse direction it 
may not be possible to correct otherwise than by sliding back the 
Hiiadrants to which it is nearest. It will be observed while turning the 
^rewsi?t h t^J^t the mirror and needle turn through an angle while 
mIv one of the screws is being turned^ and that it is by this means 
that the needle is made to he in the proper direction, that is» with the 
Wacic line on the top parallel to the transverse slit made by the edges 
'>1^ the quadrants, Avhen these are s\'mmetricallv arranged^ as in 

I 14. The sulphuric acid may now be put into the jar. For this 
^tpt'rposc the strongest sulphuric acid of commerce is to be boiled, with 
^r^'^^c cr%'stals of sulphate of ammonia added, in a florence flask, sup- 
poned on a retort stand over a jet of gas or other convenient source 
'^f beat. It is recommended to boil under a chimney, so that the 
f'Oiiious fumes rising from the acid may escape. To guard against 
^^^ destructive effects of the acid in the event of the flask breaking by 
'^t beat, there should be placed beneath it a broad pan tilled with 
'ishes, or It should stand above a fireplace containing a sufficient 
H»i4nt»ty of cold ashes* A little sand put into the flask will lessen the 
hsk of breaking. The object of boiling the acid is to expel the volatile 
^^:id impurities, which will otherwise impregnate the air inside of the 
I Kaad tarnish the works. When cool, the acid may be poured into 
I l^c jar through a glass filler with a long steiu inserted through the 
I lobe F, whose cover screws off. The stem of the filler should reach 
L*«c bottom of the jar, to avoid splashing upon its sides or upon the 
^Vt^b. The stem should also pass throutch a wider tube which does 
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9m rcacB mr acid, in order kim it uLir br dmim coc ««» 
lie lin»s aHo- k has liem wcfxcd ly die acid- Xht aciA i ^ 
pOflicid in im ^e wmhct is abna an mck bdcnr ilie lon^ cai flTilir 
vide lin»s tBbe vllicli liaiBgs dtfwn the middle of tlie |ar. Ii p«b a 
least leac^ the three pianJnuro wwct liiiigiwg kmm tfac »og^ Ifote 
«iuble fer filhvg IB this manner caniioc be ckbbmedr Uk 5aen§«^ 
and 7 maj be takes ooi, aad the ooter rcoioved bf liAips it tcmoOr 
npiiaids tin ercxytlm^ hangiBg Inicn it is clear o€ thr )ir. The cvvrr 
faexDg held by a catcfol asajstant^ or sopfmned cm a siotabie suai so 
that the wires mscf faaof firedf ^ the acid maf be pouted into the ji£^ i 
am way that can be trusted to cause oo spiasbbig, and to Icatre I 
sides of the jar untoaehed. 

15. Wben tbe acid has been pid in (and the works leplaioed €1^ 
bar^ been remcned v Tcrifj the adjtistment of the needk to Ik a^ir 
preMnfed in f\g. IJ^^W^ the ia^tnniieni being lertrtl^ and all elecfna] 
rnSycnce i^^^ed against by the comiecting wire, as dtreard m 
sect, 2* PUce ibc sc^le and charge the jar» as directed in sects. 4, 3, 
6v and 7. 

16. The chaiie sometimes suffers loss b^ shreds inside of 
i|tiadfant5 drawmg it from the aeedk- It shoald be ascertaioed no» 
whether this is taking place. Insulate alternately each pair of quad- 
nuts by raising the corresponding electrode^ while the other pair anc 
connected throtigh their electrode with ihe coven If the reflected 
image in either case keeps moving slowly along the sciile^for inslAiKC 
over twenty scale divisions in half an hour, the charge in tlic j;ir being 
at the same lime kept consl^int by the use of the replenisher if neces- 
sary— the insulated pair of quadrants is receiving a charge froo\ ihe 
needle. In that case the inside of the quadrants may be bnisbL^d 
with a light feather, after sliding them ouiwarda as &r as the ^l<>t^ 
allow and securing the needle in the position in which it was fixed in 
during transit, care being taken not to pres*i upon the needle 50 as to 
bend It or the suspending wire. Without securing the needle* cich 
cjuadrant may be drawn outwards and brushed, \ihile the needle '* 
deflected away from it by the screws /*, /*, or by any obvious mcftns {A_ 
keeping the needle defected, care being taken not to str;itii ' 
Abres. 

17. Anolbcr possible source of loss of charge is want of insubtiuri 
by the main glass stem* If the percentage of the charge lost fioiti day 
to day he so considerable as to require much use of the rcplenisher u^ 
recover it ^ the glass stem should be cleaned with a wet sponge, mbbctl 
with soap at first, or with a piece of hard silk ribbon^ net and ^apd 
at lirsl, then simpl>' wet Mith clean water, which ma\' be drawn rot/ml 
the stem to clean e\er>' part of it. The ribbon, being dried befom 
fire, may be used in the same maimer to 6x\ the stem. 

18. The mstrument being in position before the scale and charged 
as in sect. 15, make the connections described in sect, 9. with < - 
cell, and proceed to test the symmetrical suspension of ihc Dti , 
the fibres. The conditions sought to be realized are, that in the k^el 
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oiition of the instrument the needle may hang with equal strain on 
''The two fibres, and in a symmetrical position with regard to the four 
quadrants. It is plain that if these conditions be fulfilletl the deflection 
produced by the same electric force in the level position of the instru- 
ment will be less than it will be in any position of the instrument 
which throws the greater part of the weight on one fibre, or bring^s the 
ntiedlc nearer to any part of the inner surface of the quadrants than 
it is in its s>Tn metrical position, which is its position of greatest 
distsince from all the quadrants. Compare the deflections produced 
upoa the scale by the single cell, while the instrument is set at different 
kvcls by screwing one or more of the three feet on w^hich it is sup- 
ported. At each observation note the extreme range or difference of 
readings got by reversing the key* If the range diminishes as one 
side of the instrument is raised, the suspending fibre on that side must 
be drawn up, by turning very slightly the small pin c or d, round which 
it is wound, and another series of obscri^aiions taken in the same 
manner, beginning with the instrument levelled* Instead of drawing 
up one fibre, the other may be let down, to keep the needle midway 
between the upper and under surfaces of the quadrants ; and after each 
alteration of the suspension, it will be necessary to readjust the screws 
tfj ^, to make the needle hang as in Fig. 148, \ I.^ when undisturbed by 
' ii!ectridt>^ It will be observed also that the charge of the jar is lost 
\ ^ touching these screws, unless the insulated key is used. They axe 
I reached without taking ofi" the lantern by screwing out the vulcanite 
plug in the glass window in front of them, 

19, In deflecting the instrument much from its level position the 
pifd tube may be brought into contact with the wire hanging from 
the needle, and the movements of the latter thus interfered with by 
friciion. When the needle vibrates freely, it will be obser\''ed that the 
image comes to rest in any position to which it may be deflected, after 
vibrating with constant period and gradually diminishing range on 
^h side of this position of rest. The occurrence of friction is shown 
^ the needle coming to rest abruptly, or vibrating more quickly tban 
pfopcr. The reading obtained in these circumstances is, of course, 
of tio value* The quicker vibrations obtained in using the induction 
( plate, as in sect. 10, must not be mistaken for vibrations indicating 
Action, from which thej' may be easily distinguished by their 
r^larity, 

2a If, as may possibly happen, the process of observing the 

deflections at different levels, and drawing up the fibre on that side 

wbkh is being raised while getting less sensibilit)', should only lead 

the operator to draw up one fibre till it bears the whole weight, while 

the other is seen to hang loosely, he should adjust them as nearly as 

he can by the eye to bear an equal share of the weight, and examine 

the position of the needle by looking through the glass of the jar just 

below the rim, the two quadrants in front of the mirror being drawn 

out, and the lantern taken off to let in plenty of light. He will 

X 
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prolnbly dnd iliai the needle leans slighily downwards relatively to tbe 
quadrants on that side which he was drawing up while getting stnaltn 
defections. To correct this is a delicate operation^ which should only 
be attempted by a ver>* careful operator* Though perfect s)'mmctr)^ 
erf suspension is aimed at» it is not essential to the utility of the insini- 
ment. If \x be desired to make the conreciion^ first secure the nccdk 
as during transit ; take off the cover, and, while it is held by a carcfiil 
assistant^ or properly supported in a position in which it may be 
levelled, remove the lower guard tube (the wide brass tube hans^iiig 
down the centre), after screwing out the small pin in its neck. It will 
be observed that the upper and narrower guard tube consists of two 
scmi-cyitndrical parts united. The part in front may now he removd 
by takiiig out the two screws which fasten it at the top, and tk 
platinum wire which carries the needle may be examined. If it hi 
got bent it must be straightened ; if not, tt may be bent carefully ji 
above the needle, so as to raise that end of the needle which i" 
observed to bang lowesL If the co^-er be supported so that it ma) bt: 
levelled, the needle may be set free, and the operator may ol 
whether he has succeeded in making it bang parallel to the surfin 
above and below k. The needle must not, however, be aliowed 
hang by the fibres whtJe bending the platinum wire, or white remo^' 
or replacing the guard tubes, 

2K The works being replaced, the process of observing the deflec- 
tions at di Cerent levels and adjusting the tension of the libres, as 
desciibed in sect. l8, should be repeated, with the view of getting 
minimum sensibility^ in the tev^el position. 

22. The two unoccupied holes bored through the cover and flange 
of the jar are intended to receive the square^ pointed keys when not in 
use. 



Resistances* 



These may be divided into two main classes, %iz, (i) accurately 
know n resistances of either fixed or variable amounts, and suitable for 
standard and other purposes ; (2) unknown resistances of either fitted 
or variable values, and generally used for larger current work, which 
may more properly be termed ** rheostats.'' 

Little here need be ^id of this latter class, but it may be remarked 
that in almost all cases such rheostats should be, and usually are, 
constructed so as to obtain a continuous variation of resistance either 
ver)' gradually or in definite amounts, at a step from the maxunum to 
o without breaking the circuit in which they are placed. The first- 
named class is, howe\*er, a very important one, and embraces fixed 
invariable resistances of low^ medium, and high values, which are 
accurately knovjn at a certain temperature, and in addition standani 
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stances of knonn values in the form of pluy^ or switch 
S'Btoes. for ver)^ accurate work the plug form is the best, 
railess high resistances with well-fttted switches are used, \\hen any 
atra unknown contact resistance is quite neghy:ible compared with 
that in use in the coil 

Up to 1S84 the unit of resistance, in terms of \^hich all standards 
Here made» was and still is called) the British Association or '* B.A, 
unit.'* In that year a legal unit of resistance was settled on by the 
Intern at Lona! Electrical Congress at their meeting in Paris, and was 
di^tined to be that of a column of pure mercur>' 106 cms. long, r sq* 
mtn. in sectional area ai o** C^ the small additional decimal required 
Id be added for exactitude being left to stand over for further in vest i- 
gation. The true value has, by laborious and lengthy testing, been 
recently found and defined as the legal standard of resistance by 
Order in Council to be lo6'243 cms., and is called the ** Board of 
Trade True Ohm," which may be abbreviated to B.TO, Hence we 
have — 

r B;nO, = i'oi35S B-A- units 

I B.A.U. = 0-9&66 B.T.O. 

This B.TtO. is the unit of resistance which has been agreed to 
by the Governments of France, Germany^ and the United States, and 
tbere is every reason to suppose that it is an extremely close approxi- 
mation to id* C.G.S. units, and it is highly improbable that it will 
ever be altered again. It is the only unii which has as yet been 
Icgaliicd. 

All new boxes are standardized in terras of this last unit» the 
B.TO. But many of the older ones are in terms of the B*A.U, and 
pluvious ohm, hence it is of importance in accurate work 10 know and 
correct for any differences so introduced. 



Cart>on Plate Rheostat. 

A form of non»inductive rheostat that will be found very convenient 
^d useful in experimental work which is suitable for currents ranging 
wp to about 10 or 1 2 amps* is shown in Fig. 156. It merely consists 
cf 4 pile of flat carbon plates (hard gas- retort carbon being most 
smiable for the purpose) arranged horizontally so that they can be 
- compresised in a rectangular box by means of the milled-headed screv\ 
^ seen at the right-hand end. This works in a metal bush screwed to 
the end of the box. and its end presses up against a flat iron plate 
so as not to crack the carbon plates^ The two terminals shown are 
connected respectively to the bush and the plate at the other end of 
the pile* It is convenient also to ha%'e a loose plate of brass, con- 
taining a third terminal, for inserting at any point of the pile so &% 
to pickorf any fraction of the fuU resistance* A tine graduatioa of 
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vidi soch m carbon rheosUil ^om a 
die ptites are loose to a minimuni when 




NfMi-ifidticti%e Wire Rheostat. 

A Bon-ittductire wi«- wound Hicostat for continuoosly vai7ill{ 1 
r^tsiAnci^ writhotit appreciable jumps is show-n in Fig. 157. Il co 
of a split slate o Under carried by two iron end standards liav 

projecting lugs at the lop^ 
between which biter li 
parallel metal rods are fixt 
The cylinder, which \s dmih 
wound with suitable bare] 
sistance wire in shalld 
grooies round its periphe 
and connected to the t^ 
teirninaJs on the base, is i 
\n a horiiontat plane, and the' 
bottom part takes up any 
slack in the wire due to ci- 
panston on waiming^. The 
winding starts at one end and goes to the other, and then back agaui- 
The terminal resistance is varied by a spring contact block, whidt 
shdes along the guide rods at the top, and short -clrcnits the nims u 
required. The rheostat shoi^^f owing to the large cooling saihce^ 
will carry currents up to about 6 or 7 anips. comfortably. 




Fig. 157, 
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Carbonized Cloth Rheostat* 

Antither fumi of \ ariablt: rheostat capable of carr) ing currents up 
a or 3 atnps. comfortably Is shown in Figs. 158 and 159. A small 
ertical brass rod h is fixed to a suitable base at one end^ and the other 
end is screwed to receive a milled-headed nut ft, A tube of insulating 
material surrounds the rod, and over it is slipped a pile of discs of 
carbonized cloth, t\ prepared by healing ordinary cloth to a high ten>- 
perature in a vacuum, thereby carbonizing it without destroying it* 
Brass discs, /,,AiAi* ^^^'^^K ^^^^ projections to which a terminal is 
evred, are inserted as shown, at two or three points in the pile, so as to 




obtain fractions of the vvhole pile. A washer, i\ vvhicb works along a 
i^atj ftled on the brass rod, is pressed against the column of discs by 
the nut, but cannot turn round. The base, if of metal, may form the 
bottom terminal plate. The action is precisely that mentioned in 
the case of the carbon rheostat. The resistance of such a column of 
discs, about 3 inches long and i J inch diamecerj may vary beivveen 
^ obm and to ohms. 



I 



The Wirt Wire Rheostat. 



A most convenient form of continuously variable resistance is 
shottTi in Fig. 160, and is commonly known as the "Wirt" rheostat 
It consists of a long rectangular-shaped sheet of stout but pliable 
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€iirdboafd« over which is closely and neatly wound fairly thin silk— - 
covered platinoid or other suitable wire* The card thus overcount 
is bent rouEid over the outside of a light, hotlow, drum^shaped metal 
frame provided with metal end discs, and is carried on a venical 

spindlcT about which it can make 
almost one complete turn. The 
spindlen, which terminates in ^ 
nut at the top, is fijced to the 
centre of a square flat slab form- 
ing the base, and w^bich itself 
rests on two wooden bar^ extend- 
ing along two opposite sides* as 
seen. Two handles are provided 
on the top disc or end for the 
purpose of turning the drunu 
The terminals of the rheostat arc 
on the right-hand side, only one 
of which is seen. The periphery* 
of the dnim is overw^ound, with 
the exception of a narrow strip 
at the lower end, with thin string, 
for the purpose of protecting the 
Fro* i6a ^^"^'"^ ^^^ keeping it in position. 

The insulation on the outside ot ^ 
the wire in this strip is carefully removed, and a spring carried by i 
brass pillars (seen to the left) presses against this strip of bared win 
SIS the drum turns rounds thus successively tnaking contact with eac 
turn of wire on the card* One terminal is connected to the sprin 
and the other to one end of the wire on the card through the spindle 
and tnetal of the drmn, while the other end is free or insulate 
Hence, when the drum is up against the stop pro\ided for arrestir 
its motion, one way, no resistance is obtained between the terminals, 
but if it is turned right round so as to again be up against the stop, 
the whole of the wire or resistance is in. This, m the rheostat shown^ 
is 380 ohms, and it will carr>' i amp, 
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Standard Low Resistance. 
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The construction of these, accurate to, say, 1 part in 10,000, requires 

II considerable amount of care and labour^ and in addition a somewhat 
special mode of procedure. Probabl) the best way is as follows : 
Assume a standard 0*1 ohm is required. Construct ten i-ohm coils 
accurate to, say* t in 500, by comparison with a standard i-ohm coil 
on the Foster bridge ; then* since if these are put in parallel with 
one another, we shall hiive the reciprocal of the combined resistance 
equal to the sum of the reciprocals of the several resistances so placed 
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\v\ parallel ; we shall manifestly ha\'e constructed a resistance of 
i^j or o^ I ohm, which will be correct to i in 5000 ven^ approximately. 
Of course this amount of accuracy requires that the standard i-ohni 
Coil used m the comparison is accurate to at least i in 500, vvhich is 
easily obtained by constructing: it originally in the same manner from 
ten lo-ohm coils in parallel. It will thus be seen that the greater the 
number of parallels the less does any error become in the final 
resistance. 



Variable Standard known Resistance. 

Fig* 161 shows diagrammatically a form of adjustable low re- 
nstance box^ in which, by putting additional coils in parallel with 

ach other by means of plugs, a number of 

low resistances can be obtained. The dia- 
gram represents only eight coils, each of 0*5 
ohm resistance, one end of each being con- 
nected to the common terminal bar T,PTi. 
By connecting any circuit to T,Ta, and plug- 
n^ in a suitable manner, eight resistances 
be obtained, varjing tirom 05 to o'o625 of 
ohm. An extended range and g^reater 
fineness of graduation of resistance can be 
obtained by having more parallels, some of 
which are of considerably higher resistance 
than the rest- The plug F is for short-circuiting T,Tj when desired. 

Adjustable low known resistances are made in other different forms 
of which Fig. 1G2 shows one. It consists of a suitable containing box, to 
the under side of the cover of which is attached a light non-metallic 
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framework ivound n on -inductively with four separate coils. These arc 

composed respectively of four or five lengths of sorae suitable thick 

yigh-resislance bare wire in parallel, and the combination, having the 
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desired resistance, connected -to two adjacent massive brass bio 
capable of being short^ctrcuited by massive and well- fitting 




Fig. 163. 
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te figure shows a standard j-ohm 4-pliig box, capable of carr^nng 
25 amps, without sensible heating* Two small terminals are jitttd to 
the end blocks, in addition to the large current ones, for potential 
measurements of current when required » 

Fixed SUindards of Resistance take almost innumerable forms. 

Fig. 163 shows an unaUenible standard of low resistance for carrying 

too amps, without appreciable heatiIl^^ It consists of a thick 

rectangular sheet of manganin, divided into five strips of equal 

'width by saw-cuts taken to within the width of each strip from the 

ends. The resistance thus consists of one continuous strip of equal 

vridth and thickness in a small compass, and kept rigid b)' wooden 

ends. Two large current terminals are attached to the extremities of 

the strip and two small potential ones to two points (found by trial), 

ibe resistance betweeo which is exactly 

ooiooo ohm* Thus a fall of potential of 

tucily I volt will occur between these 

small terminals when 100 amps, flow 

tkrwigh the strip* The curve of variation 

of resistance, with temperature for this 

tow rt^istance, is shown in Fig. 164, from 

which we see that the temperature coeffi- 

f cient of manganin is negative. 



Standard i-ohin Resistance. 

Fig. 165 shows a fixed standard r-ohm 

tcsistance^ lilted up in such a way that its 

^stance can be found very accurately at 

*ic moment of comparing another with 

It. As show^n, symbol icalh', in Fig. t66, 

it consists of an outer vesseli O, with an 

ebonite lid. Inside this is a hollow, closed 

vessel I, supported so as to be about 

i inch from the side^ top, and bottom of 0. 

I has a cylindrical hole right through it. 

in which moves a thin ring, d^ actuated 

by a rod r. A cod of insulated wire, c^ is 

vrottnd inside I, and its ends connected to 

copper prongs brought through ebonite 

fhes, and w*hich dip into two mercurj 

cups in the metaJ pillars seen in Fig. 165 ; 

^these pillars make good connection with 

the two terminal leads. One thermometer, 

,T. is inserted in the interior of I, and 

other, /, inside with the coil c. Water fills ail the spaces betw cen O 
iiid the out sides of I. Thus^ by using the stirrer r to agitate the 
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water, I he temperature of r can be kept fairly uniform* and the 
resistance of the i-ohm coil correaed, if 
n necessary, for temperature. / is merely a ^ 

foot for supporting O in conjunction with /. 



Carbon Me^fohm. 




When vtvy high resistances ol a 

nature, but of no grtat accuracy, are requirc< 

a carbon megohm, as it is lenned* may 

used conveniently. One is shown in Fig. iffl\ 
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Fig, 167. 



It consists of an cboniti; slab having a fairly deep groove (not seen) 
down one face ; a graphite pencil is drawn down the groove, thereby 
making a condli cling path, which is then adjusted to have 10^' ohmj 
resistance between the two terminals connected to its ends. A thin 
slab of ebonite is fixed qx^t the groove to protect it and form the ha 
of the megohm \ such resistances have an appreciably negative le 
perature coefficient of resistance. 



Resistance Boxes* 

There are many differeni forms of adjustable resistance 
ample supply of which apparatus is indispensable in experiment 
work. Without actually describing the method of constructing 
resistances, which is in the province of an ordinarj' text -book, it may 1 
remarked that all the coils in any resistance box are doubly wouffl 
thereby making them non-inductis'e in themselves, and also ineffective 
in creating external magnetic disturbances, due to a current flowing 
through them, causing ihetn to be magnetic* There is, of cour&e, a 
separate resistance coll across each consecutive pair of brass blocks 
on the top, of the value in ohms stamped opj>osite each gap j hence, to 
insert a resistance between the terminals, remove the plug or plugs 
the numbers opposite which will total up to the required resistance 
Great care should be used to ensure all plugs In making good contact^ 
for a bad -fitting plu^' may cause a grave error in the summed 
resistance* To obtain good contact use only a very small downward 
pressure in inserting a plug, but at the same time give it 
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t«mi!ig motjon, perhaps one-eighth to one-fourth turn* The plugs and 
holes being conical, this ensures good surface contact and a nil 
lesistance* In removing a plug do the reverse exacil). In high- 
resistance boxes the ebonite top should be quite clean, especially in 




Fig. i6S. 

the gaps between blocks, for a layer of dust or dirt mij^ht have a con- 
ductinty comparable with that of the coil, in n hkh case the resistance 
in the box would noi be the corrector effective terminal resistance. 

Fig* i6S shows a convenient adjuslJtble plug resistance box, 
totalling 1 1 10 ohms when all the plugs are out, and capable of i ohm 
variations. Some boxes, ho^vei'er, total n,no or no ohms, and some 
^*ive these ranges by O'l ohm variations. 



Wheat stone Bridges. 

Metre Bridge. 

There arc many different ftirnis of these* Fig* 169 represeois 

one form of the simplest type— the so-called ^^ mt-fre''^ bridge. It 

consists of a straight uniform wire» i metre in length, stretched bettveen 

two stout copper terminal blocks, terminating m angle-shaped stout 

copper strips as seen. There are three other straight copper strips 

in a line at the back of the bridge, thus forming four gaps in the line 

of strips. Temalnals are fixed on the strips as shoi\Ti, and those on 

\ cither side of each gap are connected, by substantial connections, each 

, to a small mercurj- cup just in front of it, on the base- board, as shown* 

By this means either ordinary wires leading to resistances can be 
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connected to the gap tenninals^ or resistances term mating in two 
stout k-gs, as seen in front of the bridge^ can be connected ip by 
inserting the le^^s in the cups, A metre scale is Bxed close to die 
stretched wire, the ends of the two being in line* The scale acts as a 
guide to a spring tapping or sliding key, seen to the front of Fig, i^ 
and enables its position along the stretched wire to be observci 
This w^ire sboidd be of some hard material, such as platinum-iridiunii 
so that it is not dented b>' the somewhat blunt knife-edge of the slider 
key, as the accuracy of a memsurement on the metre bridge prmwrily 



Fig. 169. 



depends on the imiformity of the wire* Though onlj- two gaps ai? 
essenLial^ a four-gap bridge is very useful for a number of additional 
tests, and the two surplus gaps at the ends can always be closed, w hen 
not required, by stout copper connectors of the form indicated. More 
than one stretched wire Is often employed to increase the range of 
sensibility of the bridge* The arrangement is then called a " muJtiplc- 
inctrc bridge.^' 

The four-gap metre bridge just considered can be applied in 
Professor Carey Foster^s method of comparing two resistances which 
are nearly the same, by combining with them two additional similar 
resistances placed in the two middle gaps of this metre bridge. Whcu, 
after a balance is obtained on the slide wire, the positions of die 
two outside coils which are being compared are interchanged and 
a fresh position of balance obtained for the sUder, a comparison 1$ 
effected in the manner seen on p. 63. With this particular con- 
struction it is jxissible to use the metre bridge for the comparison erf 
higher resistances, by placing two coils of suitable resistance, one m 
each of the end gaps of the bridge, thus extending the length ol 
stretched wire, and making the resistance of the two portions on eii 
side of the sliding key comparable with those being compared, ibii 
being necessar)' for obtaining accuriite results. 



tb9| 




Apparatus ^ 



3U 



Temperature Coefficient Bridg^e. 

To avoid having to really tojich the coils, and also to ensure having 

a compact and accurate arrangement, Messrs. N alder Brothers & Co, 

^ devised the form of Carey- Foster bridge shown in Fig^s. 170, 171. It 

onsists of a small ebonite table, T^ resting on four legs, and carr>nng 

' pairs of massive copper bars or blocks^ having a mercur>' cup at 

each of their endSj two of them being provided with terminals B,j B^, 
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*hii:h go to the battcr\\ An extra bar, with two cups and a common 
l^rminal Gj, is placed as shown, and goes to the galvanometer ter* 
niinjils. The four pairs of blocks are arranged in position as shown, 
to fliai one cup of each lies on a circle, and is equidistant from that 
on Ciicb side of it. 

A switch disc^ D, is ^tted with massive connectors as showBi and 

cm rotate about the centre of the cup circlei so making contact 

between various pairs of cups. The bridge wire» ufw^ is fixed lo a 

^icmoyable slab of ebonite, A, which is clani{>ed in position on the 

^ fable by a pin and nut, n. The ends of ii/ta/ are fixed to massive 

Clipper straps, which terminate in curved rods, seen in Fig. J 70. These 

dip into the two cups as shown, a sliding ke)% K, moves along a 

j^raduated scale, ss^ and carries a lens for reading ss» Contact with 

%*uf is made by depressing K, 

The terminal G.j is in electric connection with K, and goes to the 
other terminal of the galvanometer ; r^, r^ are the resistances to be 
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compared, which make contact mth their two respeclh'e pairs 
mercurj' cups ; t „ r^ are a pair of interchangeable ratio coils wound 
on the same bobbin, so as to have the same temperature, and each 

of either I, lo, foo, or looo 
ohms; the colts terminate 
in coppo^ rodsj which dip 
into the cups ; r^. ''i re spec* 
lively may preferably be 
built up in the same way. 
A set of bridge ^ wi] 
A^ should be at hand to 
suit the ratio coils in use. 

By reference to Fig. 171 
it wiO be at once evident 
that on rotating D through 
iSo^ the positions of r, and 
r^ will be interchanged with 
respect to the bridge wirt 
=rav and rj, r^ which is 
the essence of Professor 
Caj^ Foster's method of 
comparison. 

Other forms of metre or 

muki-mecre bridges have 

object of making the ordinary form more 
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been de^nsed^ with the 
coffii|Hict and portable. In scune types the wire is stretched round the 
td^ of a circular disc t or a foet in diameter, the sliding key being 
carried at the end of a rotating amx. 



Circular Multiple -Metre Bridire. 

Fig. IJ2 shows a compact form of circular multi metre bridge* 
If consists of a slate cylinder, capped with metal ends, and mounted 
00 a spindle^ w hich am be rotated by the handle. The slate cylinder 
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BSs a shallow screw-thread running down it, in which is w^oimd 
Ihc stretched wire, its ends being connected to the end caps, each of 
which is connected to a separate terminal across which the battery^ 
goes. \ smali pulley, having a V-]^oove which fits the wire, is rotated, 
and at ihe same lime slides along a graduated rod carried by two 
upright springs, which press it towards the cylinder. This arrangement 
is connected to a terminal, and constitutes the sliding or rolling key of 
the bridge. Thus reading the position of the pulley on its rod gives 
the relative lengths of wire on the cylinder either side of it It is to 
be noted that the contact resistance between pulley and wire and also 
between the rubbing connections at each end of the cylinder is of no 
consequence, providing it is not sufficiently great to seriously diminish 
the sensibility of the test. 



Post-office Bridg^e. 

Fig, 175 represents a still more compact and highly portable 
fofm of Wheat stone bridge, known as the '* post-office '' pattern (P.O, 
f&nni* Here plug resistances are substituted for the stretched wire of 
the metre bridge, to form the two " proportional " arms of the bridge, 
each consisting of three 
coils of lOj 100, and 
rooo ohms* These six 
coils fomi the back row 
€f ik box. The third, 
Of '* adjustable" arm 
includes the three re- 
maining- rows of resist- 
ances, totalling 11,110 
ohms. The two spring 
t^pping^ keys seen in 
front are for controlling 
tbe battery and galvano- 
meter ctroi its ; ihe con- 
m.'aioris of their under 
ityds 10 the rest of the 
hndgc inside the box 
ife shown by white lines 
on ihe top* Double ter- 
mtisals are provided 
where two wires have to 
go to that point, in order to avoid putting two wires under one head tn 
the ca5^ of a single terminal Each has stamped^ on the ebonite top 
md directly opposite to it, the name of that part of the bridge which 
should be connected to it, so that it is practically impossible to couple 
up wrrongly. As the arrangement was primarily intended for telegraph 
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Thomson- Varley Slides. 

Fig. 175 shows the general view, and Fig. T76 a part diagratnmatic 
one, of an elaborale and beautiful but costly resistance^ known as the 
ThoiTJSon-Varley slide coils. It is primarily intended for making very 
rapid tests on rapidly varying resistances, and also for testing re- 
sistances possessing capacity with which the ordinary Wheatstone 
bridge requires time in order to allow the current to arrive at its steady 
raltjte after altering the resistances of the arms, and before making the 
filial adjustments. 




Fig, 175, 

arrangement consists of two boxes, A and B, of resistance 
:oiI&, each fitted with a dial containing a circular double row of 
(tods, to which the coils are connected. The left-hand box. A, con- 
ains one hundred and one coils of \ooo ohms, connected to the studs 
ts shown : while the right-hand box contains one hundred coils of 20 
»tiins each, connected to their studs in the same way* An ordinary' 
linglc- lever contact ami, h^ makes contact with any nnt slud at one 
ime when turned by its milled ebonite head, 

A double- lever, composed of two contact arms side by side, but 
Qsulated from each other, makes contact with two alternate studs on 
H>3t A at ofte and the same time as the lever is rotated. All the studs 
md contacts have platinum iridium faces, to prevent tarnishing and 
ir-ear. From reference to Fig. 176 it will be seen that resistance B, 

se sum == 3000 ohms, is connected between the two contact arms 

V 
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of the Icfl-hand kver, which makes contact between the akcmaie smdi, 
giving* also 2000 ohms between its two arms. Hence the box of coib 
B acts as a kind of vernier to iiny two successive coils in A, and tht 
arrangement acts as a potentiometer^ of which T,, T^ are the termiBik 
of the extreme resistance (100,000 ohms\ and the terminal T, the 
sliding intermediate contact. One disadvantage in the arrangeraetsE 
of coils shown is that the smallest ia the veniier side is 30 otmis, M 




therefore the instrument has no such fine adjusttnent as the sliding 
key on a meter bridge wire. Another is that only a ver)^ sensitive hijili 
resistance galvanometer can be used with it to obtain accurate results 
Slightly modified forms of this slide resistance have been introduced 
by Dr. Mtiirhead, in one of which four dials of resistances are tm 
ployed, and the same range obtained, three of the dials having ekvTij^ 
coils each, and the fourth ten coils. 



Shunts. 



The class of apparatus which goes h\ the above name is one tint 
provides a simple and ready means of altering the sensitiveness of .1 
galvanometer. Thus, for instance, if with a certain galvanometer iftc 
are using the only available source of E.M.F. and resistance in circuit, 
and then the deflection is too great to be read, it can be diminished to 
any desired extent by connecting across the terminals a wire or ** bye- 
pass,*' or ** sAnfff" as it is commonly termed, of a suitable resistance. 
A certain fraction of the total current which originally went through 
the galvanometer now is shunted past it^ thus reducing the deflection. 
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Ordinary Shunt Box. 

Sets of shunts arc supplied in the form of " shunt boxes," one? ver> 
common form of which is shown in Fig. 177, and symbolically, with Ihc 
connections, etc., in Fig. 1 78* Usually such a box is supplied with^ and 
only intended for use with, a particular galvanometer for the following 
reasons. Three resistances, rj, r,, r^, having respectively i, j^t ^^^ 
f Jg^ the resistance of the galvanometer itself, are mounted in a tnetal 
case with a plug lop of the form shown, and connected to the blocks 
as there indicated. The blocks carrying the two terminals Tj, T^ can. 





Fig. 177* 



Fig. 178, 



when desired, be short-circuited by the lever S. T, is permanently 
connected to the common block A, to which also either ^, ^r, or d can 
be separately connected by the one plug supplied. According, there- 
fore, as to whether the shunts r,, ?\>, or r^ arc plugged across the 
terminals Tj, T^, to which the galvanometer is directly connected, so 
iV« lilt irfcfl **^b' of tlie total current flowing through the battery will 
pass through the galvanometer. The proof of this will be found on 
p» 237. If S is down, so as to short-circuit T,, T.,, no current will go 
through the galvanometer, and to use the latter un shunted, lift i and 
have no plug in. T,, T^ are usually double terminals, enabling their 
bw*er halves to be pentianently joined to the galvanometer- 



Kigrh Insulation Shunt Box. 



flower 

^V Fig. 179 shows a similarly arranged shunt box highly insulated, and 
^^for use with ver>^ highly insulated galvanometers. As can be seen, tht- 
plugs have long corrugated ebonite handles^ to prevent leakage to 
earth through the operator when using the plugs. The brass blocks are 
each on corrugated ebonite pillars fixed to the ebonite top of the box 
containing the shunt coils, and this itself is supported by longer 
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similar pillars on an ebonite base» carried by three cbonile feet The 
long-bandied plug shown performs the function of S in the other 
type of box, and a spare plug is seen ob the 
base. It will thus be evident that the tns« 
lation resistance of this shunt box will k 
exceedingly high. 



Constant Total Current Shynt Box. 

As will be obvious at lirsl sight, the inscr* 
tion of a shunt across the terminals of any 
galvanometer reduces the total circuit resist- 
ance, from the fact that the current for ^ 
certain length of the circuit has an additioia! 
path to flow through. Thus it may happen 
that the total current increases by Ohm's law. 
There are two ways by which a shunt bo)L 
:in be arranged, so that the act of inserting 
a shunt box also adds a compensating resist- 
ance in the main circuit of such a valut m 
to maintain the main current constant. This gives rise to w hat- 
are known as ** constant total current shunts," Fig* iSo shows 
the general form, and Fig. i8i a symbolical view, of one of the methods 
due to Mr, Kempe. s^^ s^ s^ are the three shunt coils^ and r^^ r^, f _, 




Fig. 179. 
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the respective main circuit resistances that are automatically addd 
by the insertion of a plug in the holes i, 5, and 3, so as to keep the 
combined resistance between the main terminals Tj, T^ consum. 
The galvanometer is joined directly to terminals G, G, If the plug ii 
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inserted in hole 4i tlie galvanometer is short-circuited^ as by S in 
Fig:- \l% ; but if the plug is in hole o, the galvanometer is unshunted, 
iind Tjj Tj may be regarded as its terminals, ^t^ s^ $^ shunt the usual 
fraction of cinrent. The values of r,, r.^, r^, in terms of the galvano- 
meter resist.ince and multiplying powers of the shunts, can be found 
algebraical ly. 



Universal Shunt Box. 



lai; 

r A new form of shunt box is that devised by Professor Ayrton and 

^ Mr- Mather, and commonly known as the " universal shunt box " for 
^P galvanometers. This is, perhaps, an inappropriate appellation for it 
^ m one sense of the word, for reasons which follow later on. Fig. 183 
I shows a general view of the latest form of this shunt box, and 
Fig. 183 a syEnbolical one of the coanections of coils to the studs and 




terminals^ As seen, seven resistances, BC» CD, DE, etc., are enclosed 
in a suitable bosc and connected in the manner indicated to the eight 
contact studs jnxed to the ebonite top. A contact lever j, in per- 
manent connection with the middle terminal M, moves over the studs, 
^d acts practically as a potentiometer arrangement. The two 
terminals marked G go direct to the galvanometer to be shunted, 
*bile those marked M go to the mam circuit. Terminals G, G are 
Permanently connected to studs marked Inf and i,or, in other words, 
10 the extremities of the whole resistance BFP, which is permanently 
across the galvanometer terminals G. Intermediate studs are con- 
iiect^to intemiediate points on this resistance, in such a way that if 

tS ct^al the whole resistance between B and P, then that between 
S S S 

Cand P = -, between D and P = -, between E and P = — , and so 
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on. Thus, if G 
u. G G G 



^ gslvanotneter current when s is on siyd i,itwiD 
— * • T' 1* * ' * ^^^*^ when j is put to studs marked J, ^q* A» ■ ■ ■ 
rcspeaively* One great advantage of this foim of shimt is that lis 
shunting constants are correct for ballistic work, as ike damping 
remains constant with whatever shunt is used ; also that intennediate 
shunu are provided over the old form, enabling a defection of at least 
one-third of the whole scale to be worked to instead of only one-temh^ 
say. Owing to the high resistance which the lever s conmjb, no 
practical error Is introduced through any slightly bad contact bctwccB 
it and the studs, and, on the other hand, it keeps itself dean, aiKl is- 
much more convenient than plugs. This form of shunt must bave *s 
high a resi^ance as possible compared with that of the galvanometer, 
and for this reason they are made with different res^i stances to surt 
galvanometers having any resistance up to a suitable limit* 

Referring to Fig. 183, \i will be seen that the arrangement ^ill aIso 
act as a potentiometer, givinij the respective definite fractions of the 
total volts across M >L 

For the detailed theory of this ** universal shuntj" see EkOridMn, 
vol. xxxii* p* 627. 



( 



Keys. 

In consequence of the multtpltciiy of designs, not only amongst \ 
various types of keys, but also in any one type in itself, it will oj 
be possible here to notice some of the most commonly used apparatus 1 
of this kind. Speaking generally of the various keys, etc.^ it may be 
remarked that for elementary experimental work sinmgik is chicSy 




required for the average manipulator^ and not so much high finish and 
hi]k(h insulation resistance. The last named is, however, of great tfl»- 
portance in more advanced prjictical Mork, particularly in 
tests, and considerable care must be taken to keep the keys clean 
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ec from dust. All keys must be so constructed as to introduce no 
.ippreciablc extra resistance into the circuit in which they are inserted. 
All lapped contact surfaces arc or should be tipped with platinum to 
prev^ent oxidation and tarnishing, and so improving: the contact. Such 
kys should al-ways be tapped lighHy to avoid damaging this platinum 
facing. 

Fig. 1S4 show-s a most simple and useful form of single- way spring 
tapping-key, mounted, in the instance 1 shown, on an ebonite base with 
four ebonite feet. The little hnger^knob on ihe end of the spring lever 
^s also of ebonite. Thus it will be seen that the key will ha\'e a very 
considerable insulation resistance. 

Fig» 185 represents a high insulation (H.I.) two-way spring tapping- 
kc>^ As seen, the two spring levers are carried at the end of a horizontal 
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poKsbed ebonite rod, itself supported by an ebonile standard fixed to 
ttie ebonite base. The two levers are provided with tinger-knobs of 
considerable length, in order to prevent leakage of current from levers 
10 earth through finger and body. The two levers run from a common 
brass terminal block carried at the end of the rod, and are each 
provided ttith an ebonite wedge capable of sliding along them and 
under the brass cross-piece shown, thus keeping the levers permanently 
ptiessed when required without having to hold them down. 

Fig* 186 shows a four-way plug key on an ebonite base, and is a 
I'Cify convenient piece of apparatus in many different tests. 

A single-levcJ ** charge :ind discharge ■' spring tapping-key is shown 
in Fig. 187. It is a H.J. key, and its principal use lies in condenser 
irork, for which it is primarily intended, though it is useful for numeruns 
Other tests* The figure explains itself, but it will be observed that 
gated ebonite pillars are used to support the brasswork on the 
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Ajx extremely simple and useful form of mercury reversing key is 
shown in Fig. 189. It consists of either a wood or ebonite base con- 
taining four small mercury cups fonning a square, and which are 
connected by copper strips to the four terminals. To an ebonite block 




Fig. 1S8. 

of the shape shoMm, which insulates them from each other, are fixed a 
couple of copper angle plates, their outer vertical edges terminating in 
prongs or legs the same distances apart as any two cups. The ebonite 
blfick slips up and down the pin, about which it can rotate ; thus, when 
all the prongs are in the mercury cups in one position, the current 




Fid. 189- 

flows in one direction, and when the block is raised and turned 
through 90% the current tlows in the opposite direction. As a simple 
instajnce of connection, a battery would go across one pair of diagonal 
terminals, and ihe circuit in which the current had to be reversed 
across the other pair of diagonal terminals^ 

Fig. 190 shows what is commonly known as a Pohl's commutator, 
which can be used either as a single or two-way key or as a reversing key- 
It consists of an ebonite base on four legs or feet, and containing six 
inercury cups, A-F, spaced as shown (Fig» 191)' Each of these cups is 
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connected to its oivn sepfirate Icrroina] by ihc side of it. An ebonite 
rod is supported by and rocks on two copjitT legs dipping into C and D 
and pivoted in theni. ^flic cups^ through the mediym of liicse legs. 
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arc in good electrical connection with two curved copper rods, seen in 
Fig* 190, which dip into either A and B on the one side or E and F 
on the other, as the cross-bar is rocked. This connects A to C and B 

to D on the lirst side, or 
C to E and D to F on the 
other at will, thereby consti- 
tuting a two-way key. To 
use it as a reversing key, 
connect A to F and B to 
E by independent connec- 
tors ; then, if a batter^'' is 
across C and D, the current 
in any circuit across AB or 
EF only will be reversed on rocking the key over. 

The key shown in Fig* 190 has a high insulation when clean. 
Mercur>' ke) s and commutators of this description possess the dis^ 
advantage^ unless screwed permanently down to the table, of spilling, 
and' the author has found it to be almost invariably the case that a 
student first commences by turning such a key upside down to look 
at the bottom, perfectly obhvious of the fact that mercury tends to 
gravitate somewhat rapidly. 

In some tests, as^ for example, with the " make ** and *^ break " 
method of carrying out Rowland's permeability test on iron^ etc., the 
current should be broken quickly to avoid chiefly the destructive spark 
on breaking an induction current. Fig* 19:; shows a good form of 
quick-break switch, which can be used for all currents up to about 
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' 30 amps. A description of this switch, which is intended for electrical 
engineering work, is perhaps superfluous here* Suffice it to say that 




Fig. 192* 

thi: contact lever, actuated by the handle and its boss, is thrust ver>' 
rapidly ,iway from the terminal blocks shown, after it has reached a 
^'ertain point close to the edge of each block 



Voltameters. 

Alixed OflSi — A convenient form of " mixed gas " voltameter is 
shown in Fig. 193. It consists of a wide-mouthed glass jar, closed by 
an indiarabber cork, through which passes two glass tubes (air-tightl. 
The icft-hand one has a small cylindrical bulb in its middle regioiij 
^^- 3iid the lower end dips under the surface of the dilute sulphuric add 
^^kcontarned tn the jar, the upper terminating in a thistle^ headed funnel, 
^^U^p^tap is Jitted to the right-hand tube, the lower end of which is 
^^BBfl^ve the liquid surface, whilst the upper bends over into the 
^^Hl^L Two platinum wires, connected to the terminals on the base, 
^Hjiass through the cork and carr}' two parallel sheets of platinum foil, 
w'hich are immersed in the acid. When a current of electricity is sent 
through the i^oltametcr with the tap shut, decomposition ensues, and 
the g;ts collects over the liquid, forcing it do^^ii and some of it up the 
left-hand tube. The rate at which the liquid column rises between 
two tixed scratches is proportioiial to the current* The volume between 
the scratches is determined acciirately once for all. The funnel is for 
the purpose of catching any spray that may be forced through the 
right-hand tube when the tap is turned to allow the collected gas to 
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; and aU lial fmses llmMigh it must be* 



tuiomeKr, wMdi consists prt- 

glas boK» tttted witli « hollow frame^ 

sides of lilts fame are iiaoed subBtaiinat 




Fig. 193. 

brass ar copper strips, carry uig spdn^ clamps of the shape shown, am^ 
the terminals. The former are spaced equally on the strips to the iioi«*- 
bcr required, but a clamp on one side is opposite the centre of a ijap c*^ 
the other. The plates, which are of thin sheet copper for the calbocJ*^ 
and thick sheet copper for the anode, and as pure as possible, eac^li 
have a projecting lug on cither side at one end. Hence to insert o«^* 
or more plates in the voJtameter^ they an? p*it in, and the lugs pr^^^^ 
in between the sides of the clamp. In this way good conuct ^ 
obtained, and the insertion or unthdrawal of a plate is only the work ^ 
Ti moment. It will at once be evident that all the plates conjiect^^ 
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\ one row of clamps will fomi the cathode, wlien perforce all xm the 
other side will form the anode, of the voltameter. 
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Silver, — A simple and convenient form of silver voltamL*ter is repre- 
stntid in Fig, 195, and consists of a thin platinum bowlj b^ from 3 to 4 
■^^^tos diameter, and ij to 2 inches 
*^^P' This merely rests on the 
*dge of a circular hole cut in a brass 
^J" copper plate, a, screwed to the 
T^ctotlen base B. By this aixange- 
^^^\^ ^, which makes good contact 
*'^ti a^ and therefore with the ler- 
i^'^I Tj fixed to iij can be easily 
' ^eoiovied. b^ which forms the ca- 
thode fif the voltameter, is made of 
platinum instead of silver, in order 
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^^% after an experiment is com- Iw/ // / / /BrV-./ J J / \ 
ptciely finished, the silver deposited ' ^^ '^ "^^ " ^ ^ ^ / ^ A 
5'^ithe inside of it can, by ponring^ * '^^' 

^ ^ litiie nitric acid, be dissolved oflf to form silver nitrate, which can 
Dt poured back into a stock bottle and used over and over again on 
futiuc occasions. In this ^vay the cathode can be made thin and light. 
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and M weight coasequenUy determine more accuratefy ; wbercas,! 
It was silver, the dcposii could not safely be redissoh-ed, and bcncc I 
bow! would gfour thicker ^nd heavier. A plate of pure stiver, /, about 
t inch smaller m diameter than ^, b fixed to ibe end of a metal rod, n 
and dips into a solution of silver nitraie, E, contained in the bowl ; r 
can be clamped by a set-screw, S, to a metal standard, R, making 
doctric coniact la-ith a brass plate cairyiiig the other terminal, T|. 
This silver plate forms the anode, and iv dmii^ an experimeni^ 
temporarily wrapped in a good filter-paper to prevent particles of 
silver OEide and other impurities being deposited on the bowl and 
causing an error in the true weight of deposited silver. 

The electrolyte should consis^t of a 15 per cent, to 30 per ceni^ 
solution of silver nitrate in pure water. 

A vohameter such as the above is suitable for mea£urin|r accurately 
any current up to 2 amps, with a 30 per cent, solution. For i amp. a 
1 5 per cent, solution might be used. The maximum current that may 
be used so as to obtain a good adherent deposit with any platinum 
bowl is approximately i amp. per 6 square inches of surface. 
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A simple arrangement for enabling the distribution of magnetism 
in a long bar magnet to be easily determined ballistically is sho^vn in 
Fig, 196. A framework composed of two rectangular plates joined by 
two small rods on opposite sides, is capable of 
sliding along the bar magnet, this latter work- 
tng through rectangular holes in the plates. 
One plate has a lug ^nth a set screiv, by means 
of which the frame can be clamped in any posi- 
tion on the magnet, A rea angular coil of fine 
silk-covered wire^ the ends of nhich are at- 
tached to two terminals iixed to the flange of 
the coil, allows the magnet to pass freely through 
its centre. Thus' when the frame is clamped 
the little coil can slip freely along it between 
the two end plates, and in so doing cuts the 
magnetic lines of force straying out of the 
magnet's sides at that position. 

Fig» X97 shows a very simple piece of appa- 
ratus for enabling the quantity M.H. to be 
found for a small magnet. It merely consists 
of a mahogan)' base, on three legs to ensure 
steadiness, to which is fixed a brass rod or 
standard, bent o^er at the top. A small alu- 
minium stirrup is suspended from this cross- 
piece by means of a fibre of cocoon silk A glass shade » let into 
a circular groove in the base, covers the standard and suspension 



Fig. 196. 



Apparatus. 



335 



fn» draught -tight. Hence a magnet placed m the stimip is able 
it» oscillate quite freely from torsional resistance of the fibre and air- 
draughts. 

Dip Clrcle- 

A fonn of "dip circle "of a ver>' simple nature, but fairly well 
suited for the use of elementar>^ students is shown in Fig. 198. It 
consists of the containing box, having a glass hack and front and n 
hinged M at the top. A hollow ring-shaped scale, degree di voided, is 





Fig. 197. 
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supported by tlie wooden sides. The box is carried by a stout central 
pivott to which is also fixed another circular degree-divided scale, the 
whole being capable of turning about the vf rtical pin on a base, sup- 
ported on three levelling screws, and fitted with the small spint-levd 
seen in the figure. The centrnl pivot tentiinraes above in two limbs^ 
one on cither side of the scale^ and supporting at their tops two agate 
knife-edges on a level with the scale centre. On these agate edges 
rests the delicate steel spindle of the somewhat lengthy magnetic 
needle- Two forks, actuated by turning the milled head, seen in fi'oni 
of the bojc, riscj and lift the needle off the agates when the instnmicnt 
is not in use or when carried about. The horizontal scale indicates 
the angle through which the box is turned at anytime* MoSi elaborate 
dip circles are used v^hen \er\" accurate results are required^ and the 
student must refer to other books for a description of them. 
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Magnetometers. 

Figi 199 repTC:sci]ts a form of oiagBetometer well suited for com- 
: magnetic moments of magnets with a fair degree of accuracy 
3.S well as for other tests. It consists of a loDg base tcrniitiaimg in 
an enUi^ed sqt^re portion, and supported on three levelling screws 
The sc|aare part supports a circular degrcc*divided scale and a metal 
standard bent over ai the top. From this latter hangs a short mag- 
net ijcd ttccdle at the end of a fine silk fibre. To the needle is fixed 
a light aluminium pointer w^hich moves over the scale^ a circtilar 
miiTor being placed in the centre to avoid errors due to parmUai;. The 
moving system is enclosed under ;i glass shadei and a metre scale is 
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iixed to the long pan of the base so as to read distances from the 
centre of the needle lo that of a bar magnet sliding along the metre 
scale as a straight-edge* It should be noted that the magnetic axis 
of the bar magnet ought to pass through the centre of the magneto* 
meter needle as it slides along the metre scale. 

A more delicate form of magnetometer with its bench is shown in 
Fig. 200, On a long bench, about I inch thick and supported on 
arms away from the wall with sides vertical, is a bracket at about its 
centre. A tripod form of magnetometer rests on this brackeL and 
consists of a highly magnetized magnetic needle, with a plane mirror 
attach edi suspended by a fine fibre from a torsion head at the top 
of a brass tube fixed to the top of a wooden box protecting the needle* 
This needle box is closed by a hinged door containing a panel of 
ordinary " looking-glass," with a circular disc of the silvering removed 
to enable the moving mirror to be seen* A long fixed metre scale is 
provided some short distance in front of the magnetometer, and is 
illuminated by two gas-jets. The reflection of this scale in the moving 
e mirror is read by a small telescope under the scale, and ihc 
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icfleciions of ihe needle thus determined. A simple but special fomi 
of sliding table slides along the bench, and can carr>^ the magnet^ for 




Fig. 200^ 



u ,. . ^ 

wnich the quantity jj may be required, on the top, or a long mag- 

netting solenoid, as used in Ewing's permeability tests, in a clamp at 
the side, as shown in Fig:» 200. 



Secondary Battery, 

Portable E.M,F/s up to the value of 1 2 volts or more are often 
needed in testing work, and in some cases are required to give an 
appreciable current as well. Fig* 201 shows an easily portable 
arrangement, consisting of a stout box containing six Headland 
cle<:tric secondary cells^ each capable of giving about 5 amps, at 2 
volts pressure for several hours, and veighiiig only some 5 lbs, each 
complete* This " make "^ of cell is most suited to the work because 

7 
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cjf its exiicme Ughtness and longevity for a grivcn otitpat and rowgh 
usage respeciively. The six cells arc in simple series, and each junc- 
tion is joined by a lead strip to a tcnTiinal, of which there are con- 
scquenily seven, three being the other side. Hence any Dumber uf 




Fig. 201. 

cells from one to sjx can easily be obtained. It may be pointed out 
that the cells are rendered sufficiently non-spillable by running melted 
paraffin wax on to the acid surface, with a cork inserted at one corner 
to act as a bung hole. 



Thermo E.M^F. 

Someumcs, in expcnmental work, a ven* small and constant 
E.M.F. is required having a low internal resistance. This, with the 
exception of the latter condition, can easily be obtained by a potcntio- 
meter arrangement in the usual way. Fig. 202 shows a simple piece 
of apparatus in the form of a thermo-couple, whicb will give a low 
E.M.F., and which has a low internal resistance. It consists of two 
copper cans supported side by side on two brackets^ and connected 
together by a rod of bismuth soldered to them, as shown. Each can 
eontains water, the left cold and the right hot, and boiled if necessary 
by a Bunscn burner underneath, as shown. A thermometer dips into 
each can, and the two cans are electrically connected to the terminals 
on the base by means of wires. Thus, with boiling w ater one side 
tloo'* C.I and cold the other (.Tbout 10° C), an E.M.F. of 3600 micro- 
volts, or o"o036 volt, with an internal resistance of a small fraction 
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of an ohm, ca.n easily 

depends on that of the 

It is convenient toh 




be obtained. The constancy of the E.M,F. 
difference of temperature of the two cans* 
A\t some form of cell for experimental purposes 
in which the effective sizes or 
areas of the plates and their 
distance apart can easily be 
altered, A good form of cell 
for this purpose is that shown 
in Fig. 203. It is merely a 
special fono of Daniell celL 
The copper plate can shdc up 
or down in the clamp, and 
also horizontally along the 
two guide - rods. The stinc 
plate can only slide up or down ^ 
in its porous pot, containing 
either ZnSO|Or dilute H.SO,, 
and be clamped at any desired 
height. The copper plate dips 
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10 to a trough of copper sulphate. In this way both the amount of 
plate immersed and their distance apart can be varied within wide 
limits, and the E,M.F* and internal resistance experimenlally invesii- 
gated at each position. 



Standards of E.M.F. 

The two principal kinds of s/a/tJa/if i^Hs used in this eounir)', and 
indeed in a large proportion of the Continent as well, are the Boiird of 
Trade (B.O.T0 Clark cell, devised and |)aiented by Dr. Muirhcad, 
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and the Cj.rharl- Clark cell* devised by Professor H* S. Carbaft. 
The general outside appearnincc of a double cell of ihis latter r>'pe is 
shoxvn in Fig, 204, and consists of two distinct Carhart-Clark cetU, 
mounted in a brass containing case fitted with an ebonite top carr)'- 
»ng the two pairs of terminals, one pair for each cell A delJcaEu 
thennomett-r, having a range from o 10 30*^ C, has its bulb placed 
inside the brass case close to the two cells, and its stem bent round 
horiiontrflly and secured to the ebonite cover. As seen, the two noc 
terminals are placed one side and the two mercury terminals the 
other side of the stem. The Larharl- Clark stiindiird cell attains the 
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E*M.F. corresponding to its lemperaiure almost instantaneiiusly. lis 
temperature coefficient Is only 0*038 per cent* per degree Centigrade, as 
against 0^078 per cent, in the B.O.T. formi It is thoroughly portable, 
and can be handled with considerable impunity. 

The construction of a Carhart cell is shown in Fig, 205, It consists 
of a test-tube, T, having a hemispherical closed end, through which is 
fused a thin piatinun^ Avire, Pt ; a fairly large globule of pure mcrcur), 
Hy:, is then placed at the bottom of T, The usual mercurous sulphate 
paste, M.S, is then inserted over the mercury, and an asbestos disc or 
diaphragm, A^ placed on top. Zn is a circular Jinc rod of the form 
showni which is pressed down so as to bed the paste M<5 all round 
the mercury Hg. The ordinary nnc sulphate hquid paste, Z S, is then 
inserted ; then a cork, c ; and finally a sealing,^j of marine glue or other 
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suitable material ; a copper wire, W, soldered to the zinc rod, forms 
the Zn terminal of the celL As the zinc Zn is in solution of var>'mg 
density^ it will be acted on at the upper ponionsy lo prev<^nt which 
Professor Carhart protects the zinc rod by a glass tube in the upper 
portions. The portability is attained by the paste MS hemming in 
the globule of mercur>' all round the upper parts. A cell of this descrip- 
tion^ if used with only the feeblest current, never short-circuited or 
exposed lo great variations of lempcraturet will have an E^M.F. of 
r4345 volt at is'' C, and its E,M.F. E at other temperatitres Z*" C, 
will be given as E = ( 1*4345(1 - 000038X/ — J 5^)) volts. 

The Board of Trade cell^ otherwise the ordinan' Latimer-Clark 
standard cell, has an E.M.F* which is taken by the B-O.T. to be 
I '4345 1*^^1 y^\\.^ at 15° *^^ i ^^ ^^^^ consists of zinc or an amalgam 
of zinc with mercury, and ^f mercur)^ in a neutral saturated solution 
of zinc sulphate, and mercurous sulphate in water, with mercurous 
sulphate in excess. The cell is portable, rapidly attains the E.M.F. 
corresponding to its temperature, and has a temperature coefficient 
c^f 0*078 per cent* per degree Centigrade. A dut;iiled description 
of the inanufacttire and preparation of this cell will be found on 
p. 107. The principle use of such standards of E,M-F. is to balance 

.munknovs-n E.M.F. in a potentiometer arrangement, such as Clark% 

etc*, in order to determine the value of the unknown. All siich cells 

should be used in series with high 

resistances while balancing, which 

iiiay temporarily be removed when 

b^ajice is alnio!>t obtained^ so as 

to increase the sensitiveness of 

the arrangement, 

Standard Daniell cells and 

numbers of others have been de- 
vised by various authors, but the 

above two types will be tht most 

frequently met with by far. 



Thermo -Electric Gene- 
rator. 
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»Fig. 206 shovvs a thermo- 
electric generator designed by 
M r. H . Barringer Cox, ami capable 
of giving a current 3*5 amps, on 
short circuit and 4;^ volts on 
open circuit, ^"d having an in- 
Lernal resistance of about I '2 
ohms under working conditions. 

It consists of a ver>^ large number of pairs, or couples, as the>' are usually 
icrmod, of dissimilar metallic strips coimecied in series, but arranged 
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s>o I hat one set of alternate junctjons arc ai the inner surface of ^ hollow 
cylinclrical vcsst!!, ;ind the other ^dtcmale set of junctions on the outer 
L'dKL\ Thus the lengths of the strips run radja!lj\ The outer junctioas 
arc kept cool by ordmar^ tap-M ater flowing throu|,^h the water-jacket 
which surrounds them, and forming the ontiide of the generator \ the 
inner junctions are heated by a central dame from a Bun sen burner, 
which is guided close to the inner walls of the gtfnerator by a *'de- 
ftector *' of the form shown in Y\g. 207. Thus one set of junctions 
bein>f heated and the other cooled, a potential difference is set up 
between the extreme ends of the series which are connected to the two 
tcnninals shown^ and tnarked positive and negatiie. The generator 

Q ? 




Fig. 207. 



should be fixed to the wall by means of the bracket to which it is 
attached, and in a situation free from draughts of air ; referring to 
Fig. 207, connect the gas-burner A by small lead piping to a *iource 
of supply, and the water-tubes EE of the water-jacket to a water-tap 
in a similar manner, so that the cold water enters at the bottom inlet 
and leaves by the top outlet. The deflector rod D must rest in the 
centre of the burner B* Ti* start ifu ^^incrahw working, turn on the 
water, and obtain a small gentle stream from the overflow ; then light 
the i;as and see that a flame similar in appearance to that in Fig. 207, I, 
js obtained* After the generator has thus been running for about to 
minutes, fet'l the outside of it to see if it feels cool ; if otherwise, sligUily 
increase the flun of water, of which mdy a smail qtiiiniiiy h H^i^ssao\ 
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ht temperature of the generator should be about 70*^ to So"^ Fiihr., 
but nt^ver above 150'' Fahr. 7*^ stop the generaim', turn oflT the gas, 
and a few niinutes later the water, but aiwayx aiimif ikis to renmitt in 
ik£ machim. 

Precautions to be observed, — See that the tliime is hke tliat shown 
in Fi^j, 207, L^ and not as in Fig* 207^ II., which is dangerous to the 
generator. The correct flame can be obser%^ed by looking up from 
underneath, and can be obtained by regulating the amount of gas. 
On no account must the machine be used without the stream of water, 
and the flame must never be allowed to strike or inapinge against the 
inside wall of the machine. 

tA somewhat rough but extremely useful piece of apparatus for use 
th the method of measuring the electrolytic conductivity of elcc- 
wolytcs, devised by Drs- \V. Stroud and J, B. Henderson^ is shown in 
Fig* 208, 



Electrolytic Resistance Cells, 




It consists of a rectangular 11 ret a I trough containing parallfin oil^ 
ii which is immersed a thick, heav>* rectangular board fitted with ;i 
vertical rod or handle, by means of which the board can be gently 
lifted up and down in the oil, so as to ensure uniformity of temperature 
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ihmughoiit the oil. Supported on this wooden board^ by being let^ 
jDto iij are two electrolytic cells of special form^ devised by the authoTiJ 
of the method Each cell consists of two vertica! ihick-walled te«*j 
tubes, T, T, about 6 cms. htgh and about i'25 cm. diatneter, \l^^ 
necks, w^ halfway up their sides. Into these necks fit the weU-j 
ends of a glass tube, i^ of nearly uniform bore. With the cxceptiooj 

that in one cell / is aboiit 
cms. long and in the other on! 
about 5 or 6 cms*, the two i 
are as nearly alike In all o'tb 
respects as it is possible to \ 
them. The horiiontal tubes j 
are about o*6 cm. diameter i 
ternally, and have a bore th 
will give a convenient resistanO 
with the electrolyte tested, 
actly similar electrodes, consiil 
ing of platintini foil bent in 1 






O 



\.J 



\^ 
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cj'lindrical form so as to fit the tubes 'i\ are employed, a short pic< 
of platinum wire being welded to each, and making contact nith 
iidjacent U-shaped mercury ctxp, seen by the side of each vcrtii 
tube T. By this means the electrodes are easily removable. The 
connections to the circuit are made with the remaining limb of each 
U-tube mercury cup. It is found necessary to use oil in the bath, 
as with water the apparent resistance of the electrolyte depends on 
the direction of the current owing lo leakage over the surface of the 
glass and through the water* This, however, is non-existent when 
an insulating liquid is used in the bath. The temperature of the baih» 
and therefore of the electrolyte, ts read by a delicate thermometer. 



Kohlrausch Bridsre. 



Fig, a to represents a specially arranged piece of appjiratus for 
tneasuring the electrolytic resistance of electrolytes by means ol 
alternating currents, and is known as a Kohlrausch bridge. A 
description of it will be more easily understood by reference to Ihif 
symbolical diagram of it shown in Fig. all, in which all dotted lini*i 
are electrical connections betxveen the various terminals (indicated b> 
large circles) under the base. The arrangement is essentially that ot 
a Wheat stone bridge, and is as follows : — 

The stretched wire^ AB (about 24 cms. long)» together with the 
resistance coil, r, fixed under the base, form two arms of the brii 
or, strictly speaking, as shown, CB is one arm, and CA 4* r 
other. R is a third arm, and perforce the electrolytic cell the fourth 
arm, which goes acroi>s lerminals Ei, Ey* S is a tv\o way lever switch 
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cotitroUmg the battcn'i which is connected across terminals Bi, B^. 
When a telephone is used which is connected across G,Gj, the switch 
S is put to stud marked *' TeL" This inserts an alternating current 
obtained from an induction coil, 1» across the bridge. If» ho^vever, it 
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The sciile Is graduated in ohms, so that when baltince is p*/rf/» 
iA^ smk-reoiihi^ tf K x R = i^^^^ n'sis/am^ f/uiunjvtf. Fig. 21: 

shows a convenient form of 
electrolytic ceil for use m\k 
the Kohlrausch bridgt:. Ii 
consists of a glass luhe, aboul 
2 cms, diameter closed ai the 
top and bottom by indbtnibbtr 
corks, u <. 

Through these corks pas> 
suitable nietallic rods, r, om- 
en d of each being connected 
to tenninals. T, T, on the 
stand, S. The other ends ter- 
minate in circular metal diics. 
d^, 4, fitting the tube closely, 
of which ^/j is tempomnly 
fixed during a test^ wbik j/, 
xan be moved up and down 
to some convenient dist 
from d,. 

The temperature of tln^ 
solution can be obtained vtn 
approximately by means of ,1 
delicate thermometer, either bj passing it ilu-ough the cork at c b\ 
the side of r, and then allowing its bulb to dip into the solution ahm:f 
the top disc, or bj measuring its tetnperaiurc just before a scries 




iown 
andH 



Fig, 211. 




Fig, 315, 



tests and just after, and taking the mean. The temperature 

probably be found to aher ver\ little in the brief inten al of the tt^t" 
For liquid resistances not greater than 1000 ohms roughlj> 
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lid and Henderson found that the Kohlrausch method was 
jf improved and made more sensitive by using their special form 
^cint^ electrolytic c^\\{vitU p. 343) instead of such as the above, 
^ns of it dead silence could be obtained in the telephone* while 
|t their eel! there was aluays a feeble bu^z to be heard. For 
pees above 1 000 ohms, the balancing cell appeared of no 



I arrangement which will be found useful in testing the relation 
the resistance of a conductor and its length, diameter, and the 




1 of which it is made, is shown in Fig. 213. It consists of a 
pntaming' a number of coils of insulated vvirc connected severally 
ipairs of terminals seen on the top. The top row of terminals 
Jlccted to coils of the same material and diameter, but diflTcrcnt 
1^ the bottom row to coils of the same material and length, hut 
lit diameters, whilst the middle row are coils of the same 
and lenjfth, but different materials. In this way a most 

[ye comparison can be made. 



{(; 214 shows a box containing four coils of insulated wire 
\ for pros ing the laws of combination of resistances in series 
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and parallel. Referring to Fig. 215, which represents a symbolical 
plan of the top or mercury switchboard, two terminals^ T, T, are 
Axed to the ends of two copper bars, each containing four mercury 
cups in a line. Four coils, A, B, C, and D, are connected reflectively 
to four pairs of mercury cups, i and 5, 2 and 6, 3 and 7, and 4 and 8. 
All the cups are so spaced that all the copper wire connectors wilt 
just connect cups i, 2, 3, or 4 to the top terminal bar cups, the same 
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Fig. 215. 

the other side, and in addition will connect 2 and 5, or i and 6, 3 and 6^ 
and so on. Thus to put — 

A and H in series, connect i to bar, 2 to 5, and 6 to other bar. 

A and D in series, connect i to bar, 2 to 5, 3 to 6, 4 to 7, and 8 to» 
other bar. 

A and B in parallel, connect i and 2 to bar, and 5 and 6 to othei — 
bar. 

A, H, C, and D in parallel, connect i, 2, 3, and 4 to one bar, and 5, 6^ 
7, and 8 to the other, and so on. 



Permeability Ring. 

For experimenting on the magnetic qualities of iron, for instance, 
ballistically, it is desirable and convenient to have a neatly wound 
specimen at all times ready to test in the laboratory for students. 
Fig. 216 shows such an arrangement for use with Rowland's ballistic 
meihoil. It merely consists of, say, a welded soft wrought-iron ring 
neatly and uniformly overwound with a suitable gauge of insulated 
copper wire, connected to the pair of terminals seen at the top. A 
short, uniformly wound coil of thin insulated copper wire is wound 
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OFCf a part of the first coil, and its ends connected to the bottom pair 





This h the " search coilj" and the other the *' w\w^- 
The ring is cleaied down to a mahogany baseboard* 



Damping^ Coih 

Fig, 117 represents a very simple piece of apparatus known as <i 
" damping coil,*' by the use of which, in the vicinity of a galvanometer, 
^^ enormous amount of time can be saved in bringing the needle and 
, spot of light quickly to rest, especially in baUistic work. It merely 
ttoasists of a ^at bobbin wound with fine insulated wire and connected 
! two lermmals shown, mounted, together with the coil, on a small 
_ I base* A spring clamp is attached to the back of this, which 
m^ when pushed, up or down a rod having a suitable foo!. The 
toU contains no iron or other magnetic material^ but when used near 
A galvanometer in conjunction with a single cell and key, it acts 
magnetically on the needle, and by tapping the key so as to n>ake 
circuit at the right instant, the spot of light can be brought to rest tn 
about two swings. A reversing key used with the coil expedites 
matters considerably. 




I 



Temperature Coefficient. 



Fig, 21 8 shows a piece of apparatus for determining the variation 
of resistance of different metals with temperature, and hence their tem- 
perature coefficient- It consists of an outer copper vessel containing 
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water* And supported on a tripod with a Bunsen burner uttdemeaA. 
An inner copper vessel is imrnersed in this outer vessel, jud contsiUSA 





Fig. 218. 



Fig, 119. 



hollow frame of insulating material, over which is wound one or hicjtc 
r:oiU of insulated wux- of different materials, their ends being connected 
to the respective pairs, of terminals on the lid or co%^er lo which the 
frame is tixed. A thermometer dips into the centre of the inner vessel, 
which IS provided with a stirrer, for the purpose of preserving unifonMil> 
of temperature of thi^ liquid usually oil) in which the coils and fram^ 
are immersed. 



Electro-Calorimeter, 

An cleiitro- calorimeter for measuring the amount of heat Ac 
by nn electric current in a given time and obtaining ** J outers equiva- 
knt," is seen in Fig. ^219, It consists of a hollow^ oibical box from \ 
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5p of which hangs, quite freely inside, a tin c^n by it^ flange* Inside 
this tin can hangs quiie freely a copper can, the flanges of the Uvo 
cans being separated by a felt ring. The copper can is closed by *a 
I ^j^ooden cover carrying two terminals connected to a coil^ which is 
heuted by the passage of the current* A thermometer, \'er>^ finely 
divided over a short range* passes through the lid into the water con- 
tained in the copper can. A stirrer of the form shown is provided 
in order to enable a tiniformity of temperature to be obtained through- 
om the water. It will thus be seen thai ver>' little heat is lost through 
conduction, and, suitable precautions being taken, not much is lost by 
radiation from the copper calorimeter 

k Condensers. 

[* 230 shows a general view of the Kelvin standard air Lej'den 
^^x.^^Aser, and Figs. 221 and 232 a plan and sectional elevation of the 




Fig. 320t 

[le^ The instrument is formed by two mutually insulated metallic 

CCS, which we shall call A and B, constituting the two systems of 

be air condenser, or Leyden. The systems are composed of parallel 
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plates, each set bound tof^ether b>' four long metal bolts. The two 
extreme plates of set A are circles of much thicker metal than the 
rest, which are all squares of thin sheet brass. The set B are all 
squares, the bottom one of which is of much thicker metal than the 
others, and the plates of this s>'stem are one less in number than the 
plates of system A. The four bolts binding together the plates of 
each s>'Stem pass through well-fitted holes in the comers of the 
squares ; and the distance from plate to plate of the same set is 
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regulated by annular distance pieces, which arc carefully made to fit 
the bolt, and are made exactly the same in all respects. Each system 
is bound firmly together by screwing home nuts on the ends of the 
bolts, and thus the parallelism and rigidity of the entire set is 
secured. 

The two systems are made up together, so that every plate of B is 
bt^tween two plates of A, and every plate of A, except the two end 
ones, which only present one face to those of the opposite set, is 
between two plates of B. When the instrument is set up for use, 
tin: system B rests by means of the well-known ** hole, slot, and plane 
arrangement," ^ engraved on the under side of its bottom plate, on 
three glass columns, which are attached to three metal screws working 

* Thomson and Tait'-s ** Natural Philosophy," § 198, example 3. 
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irough the sole plaie of s) stem A, These screws can be raised or 
lowered at pleasure, and by means of a gauge the plates of system B 
can be adjusted to ejcaclly midway bettveen, and parallel to, the 
plates of sysiem A. The complete Leyden stands upon three vulcanite 
feet attached to the lower side of the sole plate of system A* 

In order that the instrument may not be injured in carriagCt an 
arrangement, described as foHowst is provided^ by which system B can 
I lifted from off the three glass colunms and firmly clainped to the 
Dp and bottom plates of system A« 




Fig. 212. 



¥ 



Tlie bolts fixing the corners of the plates of system B are made 
^ong enough to pass through wide conical holes cut in the top and 
l»»ftom plates of system A, and the nuts at the top end of the bolts 
are also conical in form, while conical nuts are also fixed to their 
Wcr ends below the base plate of system A. Thumbscrew nuts,/ 
Jitt placed upon the upper ends of the bolts after they pass through 
ibc holes m the top plate of system A. 

Wlien the instrument is set up ready for use, these thumbscrews 
are turned up against fixed stops, ^, so as to be well clear of the top 
ptatif of system A ; but when the instrument is packed for carriage, 
Eiicy are screwed do^^-n against the plate until the conical nuts 

2 A 
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nicntiuncd dbove are drawn up into the conical holes in the top twi 
boltoni plates of system A ; system B is thus raised off ihe glass piltars, 
and the two sysiems are securely locked together so as to prif^eut 
dantage to the instrument 

A dust-rtghl qlindrical metal case, h, which can tie easily ukn 
oBT for iDspection^ covers the two systems, and fits on to a ^atij^c m 
s^'stem A, The whole instrument rests on three 'V'^Icanite legs attjc b«l 
lo the base plate on system A ; and two terminats arc provided, one, 
^ dn ibc h4$e of system A^ and ihe other, /, on the end of one of the 
comer bolts of system B. 

Fig, 223 shows a standard adjustable condenser in general view, 
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hiDks to inci^easc the icrminaJ capacityj since capacities In parallel 
sum up tike resistances in series. 

It will also be seen that a plug inserted in a back bole short-circuits 
that particular condenser, and any of the others that may be in, 
providiiig a plug is also in the from hole of the sanae condenser. 



Hughes' Magnetic Balance* 

A form of Hughes' magnetic balance, which is useful for rapidly 
determining the relative magnetic qualities of two or more samples o! 
material, is shown in Fig. 535. It consists of a long bench or table 
^supported on two standards on a base fitted with levelling screws. At 
one end (the right-hand) of this raised bench ts a magnetizing solenoid, 




Fig. 2J5. 



Ivhi^ is inserted the specimen to be tested ^ and at the other a small 
ancing solenoid to neutralize the inductive effect of the magnetizing 
coil by itself on a magnetometer needle suspended between the two 
coils, A f>crmanent steel compensating magnet (seen to the extreme 
left) can be turned round a pivot passing through the centre of a 
vertical scale tijced to the base^ and its deflections made to neutralize 
the various stages of magnet iitati on of the specimen itself. The 
method is a "jtero" one, and the indications or position of the 
^^magnetometer needle is read by forming an image of a vertical pin, 
^Hfiied Just in front of the needle box, in the moving pLaE>e mirror 
HBittached to the needle, which is half covered by a fixed plane mirror 
r immediately in front of it. Thus the £ero position of the needle is 




356 




Husfhes^ Indyction Balance, 



1%. 2j6 




It ctmsbts of two j 

pair al cack end of a 

pair is perm^Memlj fesed oo tbe 




Fig. 226. 



top of a short central pede^aL These are in series^ and constitute the 
primary coils of tiie balance, being connecieti to two termiaaJs 
marked P on the baseboard. The other coil of each pair, which is 
supported close over its respective primarj% is a flat circular coil of 
similar size, but having a hole through its centre large enough to 
receive a wooden cup as shown. These latter coils, constituting tbe 
secondan.' of the balance^ go to tennmals S. The left-hand one is 
|>ermanently fixed on the two pillars seen in the figure, while the nght- 
hand one is supported on three piUars, the two on the extretnt right 
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forming a kind of axis or fulcrtim, about which the coil can be raised 
or lowered by a set screw working on the third pilkir being pulled 
downwards by an elastic band seen on the hook* A current interrupter, 
consisting of a spring strip pressing against, and making electrical 
contact with, the teeth of a toothed wheel, which is driven by clock- 
work, is seen with its case off between the two pairs of coils, and is for 
the purpose of *' making and breaking ^ the primarj^ circuit in which it 
is inserted* A BelFs telephone is seen on the right of it^ and a long 
wedge-shaped metal strip of ^inc fixed to a millimeter scale on the 
left. This can slide between the adjn st- 
able guides seen on the left-hand top ■■ 
coil. Circular discs of various metals are 
provided for placing in the rig:ht-hand 
cup. It should be understood that the 
four coils are as nearly alike in every 
detail as it is possible to make them, both 
m regards size, fomi, wire, number of 
turns, etc. 



The Permeameter. 

A usefiil piece of apparatus, known as 

die " permeameter/' is illustrated in Fig* 

327, by means of which the magnetic 

ijualitj* of different materials can easily 

And rapidly be found* The n>ethod is 

tssentially a workshop one, and the prin- 
. ciplc of it is due to Professor S, 1'. 
^Thompson. 

The arrangement consists of a some- 
bat massive hollow rectangular-shaped 
ck of good soft wrought iron forged to 

be shape shown. Inside this is a mag- 
netising solenoid wound on a thin brass 
tube with thin flanges or ends, its length Fig* 227, 

being just that between the insides of 

tlic block ends. The sufficiently long rod of magnetic material to 
be tested, having its lower end faced quite true, passes freely but 
closely through the top end of the block, down through the solenoid, 
and beds on the carefully " faced " inside of the bottom end of the 
block. The protruding end of the rod has a metal pin through 
ir, which is caught by a double hook on the lower end of an ordinary 
spring balance, the top end of which is suspended by a gut cord 
piasstng over a fixed pulley and attached to the lever shown* This 
permeameter is also fitted with an arrangement for testing the 
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Sj and IS represented in perspective in Fig* 223, and in symbolical 

sea ion a I elevation in Fig. 229, 

The instrument consists of a hard permanent stcd mag-net, NS, 
ned at the lower end to a highly permeable cast-siecl poJe-piece» F, 

of the form of a cup, and at 

the other end to a flat cir- , ri— ^ 

cular disc, D, of similar 

material. A circular gap, 

g^ is thus fonned between D D 

and P, just wide enough to 

allow a brass tube to slip 

freely through. 

A coil of fine wire is 
wound on the tube, which 
in slipping through the gap 
cnts the lines of force flow- 
l&g across, and gives an 
electro-magnetic impulse to 
any circuit connected to 
the coil terminids fixed 
to the top of the tube. Owing 10 the pole-pieces forming a nearly 
closed magnetic circuit, the magnet is quite permanent^ and the total 
tin^^s of force through the gap are constant. This number is usually 
about 20,000, so that the magneto-inductor is much more convenient 
than earth coils, which usually ate relied on. In Fig. 228 one tube is 
just shown in position for slipping through the gap, to do which lightly 
span the milled head on its top and turn slightly, when the tube will 
orcp by its own weight* A spare tube is shown on the left having a 
different number of turns, which is often very convenient. 



Earth Coil or Inductor. 

A form of ordinary earth inductor or coil is shown in Fig. 230. It 

consists of a hollow wooden ring ^votind with a large number of turns 

of insulated copj)er wire, the ends of which are connected to the two 

spindles which support the coil. These spindles work in bearings 

carried on the wooden framework, composed of two sides held rigidly 

logethcr by a back. The two terminals of the inductor shown on the 

top of this back are connected to the two bearings respectively, and 

ihctice to the coll.' The advantage of this construction is that the 

coil will rotate freely, no matter which side the inductor rests on. 

When resting on its back, or ttp against a wall, the spring stop seen is 

pushed out against the spring, and stops the coil rotating. This 

arrangement, however, ig not to be recommended, as it only ends in 
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damaging the bearings of the coil, thus producing bad conta 
ihc coiK 

Fig. 231 shows a model of a Iwo^pole dynamo made for the purpose 
of roughly investigating the distribution of the magnetic field uuder 
various con dtt ions. 

It consists of an iron casting fonning the two pole-pieces at tlic 
top, the limbs at the sides, and yoke at the bottom. The limbs are 
each wound with a coil connected to the cenire and one of the outside 
terminais seen on the lop, and hence either coil can be used separately 
^ magnetise or both together by connecting to the two outside 





Fio. 330* 



tenniciala. Four iron rin^ arc provided of the same axial thicki^ess 
but having different external and mtern:il diameters. These are to 
represent unwound armature cores of both the rtn^ and dram tvDes. 
and the effect on the flow of the lines of force between the pole- 
pieces by using them will, to a cert si in extent, show the effect of both 
the length of air-gap and sectional area of iron in the core on the 
magnetic distribution generally. The whole is fixed and let into a 
baseboard, so that a sheet of thin cardboard will lie ilat on the ton 
The rings are held concentrically with the pole-pieces by shpping ^yer 
a central pin and wooden rings when necessary. The general dis- 
tribution oi the magnetic field can then be found by sprinkling iron 
filings on the sheet of cardboard laid on the top of this representative 
machine. 



TABLES OF CONSTANTS 



TABLE VI. 

Temperature Coefficients and Specific Resistances of Pure 
Metals and Alloys determined by Professors J. A. Fleming 
and J. Dewar. 





Specific 


Mean 




Specific i 


Meuls, pure, 
soft, and 
annealed. 


resistance, 

p. in 
microhms. 


temperature 

coefficient, a, 

between 


Alloys, 
usual proportions. 


resistance, />, 

in 
microhms, 


1 Temperature 

coefficient, h, 

at 15^ C. 




per cc. 
ato°C. 


o°and xoo<>C. 




per cc at 
o°C. 




Platinmn ... 


10-917 


0-003669 


Platinum-silver... 


31-582 


0-000243 


Gold 


2197 


0003770 


,, -iridium 


3o»96 


0000822 


Palladium ... 


10-219 


0003540 


, , -rhodium 


21142 000143 


Silver 


1-468 


0004000 


Gold-silver 


6-280 


000124 


Copper 


1*561 


0004280 


Manganese steel 


67148 


000127 


Aluminium... 


2-665 


0004350 


Nickel steel 


29452 


000201 


Iron» 


9065 


0006250 


German silver ... 


29-982 


O-OCO273 


Nickel 


12-323 
13048 


0006220 


Platinoid 


41731 


0000310 


Tin 


OOC44OO 


Manganin 


46678 


0*00000 


Magnesium... 


4*355 


O-CO381O 


Silverene 


2-064 


0-00285 


Zinc 


5751 


0004060 


Aluminium-silver 


4-641 


000238 


Cadmium ... 


10023 


0004190 


„ -copper 


2-904 


000381 


Lead 


20-380 


0004110 


,, -bronze' 


12-300 


OOOIO 


Thallium ... 


17-633 


0*003980 


Reostene- 


76-468 0001 10 


Mercury 


94070 


0000720 


Brass 2 

Nickelin* 

Arc lamp carbon ' 


4400-8600 000052 



' Approximately pure. 



Not determined by Fleming and Dewar. 



Aluminium 
Cobalt ... 
Nickel ... 
Iron 
Zinc 

Copper ... 
Silver ... 
Lead 
Bismuth 
Antimony 



TABLE VH. 

SrECiFic Heats (Regnault). 

0-20566 
0-10696 
0-11095 

0-11379 
009555 
009515 
005701 
003140 
003084 
0-05077 
' Not by 



1 Pewter 


0-05623 


' Brass 


... 0-09391 


' Glass 


0*19768 


Platinum 


.. 003243 


Gold 


.. 003244 


Mercuiy 


.. 0-03332 


Tin* 


.. 00559 


SteeP 


.. O-I18 


Iridium* 


.. 0-0303 


Graphite* 


.. 0-254-0-467 


Regnault. 
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TABLE VIII. 
Elbctro-chrmical Equivalents, Specific Gravities, etc. 







Chemical 




Specific 


Metal 


Atomic < 


M]uivalent 


equivalent, | grams per 


gravity. 




weight. 


at. wt. 


grams per | hour deposited 


grams 




1 


Talency 


coulomb. by i amp. 

1 


per cc. 


Aluminium 


27-0 


90 


0*00009317 0*3354 


2*6 


Copper (monad) 


631 


631 


000065735 2*3665 


8*9 


„ (dyad) ... 


1967 1 


31-6 


000032867 1*1832 


8*9 


Gold 


656 


000067806 ' 2*4410 


Tis 


Iron (dyad) 


56 ! 


28 000028986 10435 


Lead 


2064 ' 


103-2 1 0*0010714 3857 ' 


11*4 


Nickel 


586 •■ 


293 : 000030538 10994 


8*5 


Silver 108 ; 


108 0001 1 180 40249 


10*5 


Tin (dyad) ... ' 117-8 


58-9 000061077 ' 219^8 


7'3 


Zinc 65 


325 000033644 1-2112 


71 


Hydrogen ... | i , 

i ' 


I 0-000010352 , 0*03738 

1 ; 


0*000090 


■ 


TABLE IX. 




Relation hetween E.M.F 


. AND Temperature of Clark Standard 


Cell— MADE 


according to Regulations. 




Tempe-^ K.M.F. in 


Tempe-l j. ^, p 5^ 


'^'';"^P*^, E.M.F. in 




rature, 


legal volts. 


rature, • „ 

° C. 1 ^ 


al volts. 
1*436 


^'^^t^.*^'! legal volts. 




6 


1-444 


.3 


20 I *428 




7 


1-443 


14 1*435 


21 1*427 




8 I 1442 


15 1*434 


22 1*426 




9 


1*441 


16 1*433 


23 1*425 




10 


I 440 


17 1*432 


24 1424 




II 1 i-43« 


18 1-431 


25 1*423 




12 1437 


19 1430 


26 I '422 





TABLE X. 
E.M.F. and Internal Resistance of Cells. 



Name of cell. 


E.M.F., legal 
volts. 


.\pproximate resistance, legal ohms. 


Bichromate 


I -75-1 98 


About 2 


Daniell 


I 07-1 -140 


From o'5 to 6 


Grove 


176-1-934 


From 015-0*30 


Biinsen 


173-1-942 


About .«iame 


Leclanchc 


I •402-1-650 


From about 1*5 to 3 


Clark (Standard) ... 


1*4340 


Almost anything up to 2000 


Secondary 


210 


From o*ooo2 upwards 
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TABLE XI. 
Relation between Practical and C.G.S. (Absolute) Units. 





Practical 
uniu. 


Absolute C.G.S. units. 


Dimensions. 




Electro- 
mag- 
netic. 


Electrostatic. 


Electro- 
SUtic. 


Electro- 
magnetic. 


Quantity 
Current 

Potential 


I coulomb 
I ampere 

I volt 


10-' 
IO-' 

10» 


Z/XI0-' =3XI0» 

Z/XI0-' = 3x10^ 

lO^+z; = i X I0-* 


m*iJt-' 

M*L*T-» 


M*L* 
M*LiT-» 


ResisUnce 


I ohm 


I0» 


^XIO» = JxiO"" 


l-»t 


LT-^ 


Capacity 
Self-induction... 
Mutual induction 

Power 

Work 


I farad 
I secohm 
I secohm 
I watt 
I joule 


10- 

I0» 

10^ 

10" 

10' 


2/*xio-»=9xio" 


L 


L-»T= 
L 
L 


v~ 


= velocity of light = 3 X lo'* cms. per second. 








TAB 


LE XII. 







Molecular Conductivity — of Different Electrolytes at 18° C. 

M 
w Aqueous Solution containing /t Equivalents (F. Kohlrausch\ 

M = strength per litre in gram-equivalents. • 

If = conductivity as compared to mercury at 0° C. 





KO. 


NaCl. 


HCI. 


iKaS04. 


JMgSO,. 


iH2S04. 


,. approximate 
mnt^ values. 


10'- 


IO-* 
M 




xo — 
M 




xo 


X230. 


1040. 


3550. 


X290. 


ixoo. 


3800. 


^ =0-0001 


I2I5 


1026 


3500 


II25 


1034 


3580 


2 


I2IO 


102 1 


3490 


1240 


1015 


3520 


5 


I20I 


IOI6 


3480 


1224 


976 


3440 


0*001 


"93 


1008 


3460 


1207 


11? 


3350 


2 


1185 


999 . 


3455 


I181 


3250 


5 


1165 


981 


3445 


1 140 


790 


3050 


001 


1147 


962 


3416 


1098 


715 


2860 


2 


1123 


938 


3390 


1044 


632 


2650 


5 


1083 


897 


3330 


959 


534 


2340 


o-i 


1047 


865 


3240 


897 


467 


2090 


2 


1009 


826 


3140 


832 


408 


i960 


5 


958 


757 


3020 


736 


330 


1900 


I 


017 


696 


2780 


672 


271 


1820 


2 


864 


604 


2340 




202 


1700 


5 




398 


1420 




82 


1270 


10 


— 




eoo 


— 


— 


655 


20 


— 


— 


— 


— 


— 


147 


50 


— 


— 


'~~' 


, ~ 




30 
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Useful Data. 

Base of hyperbolic or Napierian logarithms c = 271828. 
To convert common into Napierian logarithms^ multiply by 2*30258. 
To convert Napierian into common logarithms^ multiply by 0*45429. 
Ratio of circumference of circle to its diameter, ir = 3*141 59. 

log IT = 0-49715. 
Angle subtended by arc equal to radius = Radian = 57° 17' 45' 
= 57°-29S8. 

Length of circumference of circle of radius r = zitr = itd. 

Area of circumference of circle of radius r = wr* = -- =*7854/f^- 

Metre in inches 

Foot in centimetres 

Inch in centimetres 

Square inch in square cms. 

I lb. (avoir.) in grams ... 

Kquivalent of i watt in foot-lbs. per second ... 07373 
1 weber = 3 x 10*'^ electrostatic C.GS. units = lo*^ electromagnetic 
C.G.S. units of induction. 

Joule's equivalent = 1390 lb. -cent, units = 4' 156 x 10' ergs per 
gram ' C. 

Revolution per second in radians per second, 6 2832. 
Acceleration due to gravity, ^i^^, at Greenwich in ft.-seconds, 32*1908. 
A bismuth-copper clement junctions at o** C. and 100^ C, E.M.F. 
= o'oo5476 volt. 

Density of mercury, 13*596 grms. per c.c. 

„ platinum, 21-45 v 



4 
3937043 
30*4797 

2'54 
6-451 

• 453*593 
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Logarithms^ Antibgaritkms, etc. 



LOGARITHMS. 



10 

11 
IS 

la 

14 
IG 

16 
17 
IS 
10 
fiO 

21 
22 
23 
M 



oooo'o443 Q086 



cHi4|0453ia49a P53i 0569 v&yj 0645 

''**"'' 08-3410895,0934 0969 1004 

1271 1303 1335 
13S4 1614 1644 
1875 1903 1931 



0792 

t4^i 
1761 



1 



2 



013B0170 m; 



oa«a 

"73 
1790 



3330 



3041 

2304 

3010] 3032 



35773601 

aBio 2833 

3054 



3233 
3434 



3243 
3^44 



36363655 



4150 4166 41S3 



27 43 M 

28 4-^73 
2g 4^124 
SO 1477' 



31 



4914 



32 

33 ^185 

34 

36 



38 
37 
88 
89 
W 

41 
42 
43 
44 
45 

46 
47 
48 
49 
60 

51 
52 
53 



^5 
a3S5 
t 



38oeJ3e90 383I 
4014 



3979 3997 



433° 
4487 
4639, 



iao6 
tStfl 



23S0 
3635 

3P75 



3363 3384 



3464 



450a 
4054 



5315 
5441 

56^3 
5798 
S9" 
6c»i 

6123 
6233 
6335 

6638 
6721 

6a 12 



4938 4943 
50655079 
51^58.5311 
532815340 

5453 54^5 



58095821 
^933 5933 



6031 



613361496(60 
62^3 



6353 6363 6374 6384 5394 
*J45 ^355 ^3<^5i^375 63^5 ^395 



7076 



7243 



5575 
5694 



5587 
5705 



6043 



6444 

654a 

6637 



6821 
6903 691 1 
69906998 



7t>84 



7t6o7i6a 



54 J7324 , 



7251 



1339 
«553 
1847 



4fi 3175 3301 



3405 3430 3455 



264B 267a 2695 



2879 3900 3933 
309^3118 



3483 

4031 
4200 



3304 3334 3345 
350a 35^3 354i 



369337 

3S74 3892 

4048 4065 40S2; 4099 4116 



4346^4362 



45 iS 
4669 



43(1 

437® 
453, 



49SS 
509^ 
5334 

5353 
547^ 



5599 
5717 



5944 



.4: 
^37® 4: 
\h3I 4 



4683 4698 4713,4738 



478648004814483*^ 4843 4837 



5&1 J 



6454 
6551 



M4 ._, . ^ _ _ 

<^5&*6S7i &580 659065996609 



67306739 



6646 
673<J 
6830 
6930 
7007 



6656 
6749 



6839 6848 6857 6S66| 



7093 
7*77 



73337340 



6665 6675 6684' 
6758676;- ■ 



7101 
7185 



6930 6938 6^37* 6946 69s 



7359, 7267 



ii3to353'o394 10334 



2718 

. _394S 
3t39!3i6o 



3729 
3r>o9 3937 



232 4249'4265 
393 4409;4435 
548 456414579 



s^^j 5635 5647 

_ . 5729 574° 5753 5763 

583358431585458665877 

5988: 

(1096; 



59SS S96e 5977 



60536064 5075 6085 



7110 7 

7193 7303173 loj 

737s 72B4 



0682 
1038 

1673 
"959 

3^ 



3365 
3S'Jo 
3747 



0719 
1072 

1399 

1753 
1987 



1234 567 86 



t>374 

I 

075S: 
tia6 
1430 
1732 
2014 



3353,3379 



34802504 



274^*765 
396713989 
31 8 1 3201 

33853404 

3m 



3766 

3945 



3784 
3963 

4133 



4871 



438 1 4398 

445^. 
4609. 

4757; 



4594 

4743' 

4886 



496949834*^975011 
5(05511951325145 
5250 53635376 

53^'S3r^539V5403- 
5490550355145527. 



I 



4900J 

50381 
5'73 
53'^^ 
54^ 
555' 

5670 
5736 
5899 
6oto 
6117 

63^ 
6335 
6425 
6533 
661S 

6693|67oa 6711 
17I6776 6785 6794 6S03 
" -6875'" " 
5,^64 



6170 6180 6191 i^oi 



SO34 

53S9 
5416 
5539 

5^58 
5775 
5888 

5999 
6107 

6313 



63046314 



6474^84164936503 



6415 
6513 



6973 



7016 70341 7033 7042 7050J 7059 



iiB^ra6,7i3S 

^173 18 

729a!730o' 



7343.7356^364^372 7380I7388 



7143 
7236 
730a 



68846893] 



69B1 
7067 

7153 
7235! 
73*6 
7396 



4 8 13 17 3( 25 39 



23 36 30^ 



11 



(7 t« 



6 7 ^ 





Logarithms, Antiiogaritfims, eh\ 



369 



LOGARITHMS. 



a d 4 



1(74197437 



> 7497 7505 75'3 75^ 75a& 753^ 



7435 7443 745^ 



7574;75Sa 75^9 7597 7^<H 
76497^57766470737679 
77337731,773677457752 



8209 eai5 gaa^ a«8 8235 
8274jea8o!82&7 S393 8299 

»338 834418351 8357 B363 
5 6401 '6407,8414 6420 S436 

8463' 8470! 8476 a4a2 B^fiB 



85*5 a53t;8537|a543 85We555!85<ii!«S67 
S58 5859118 597 8603 8009 d^ 1 5 863 1 8627 



9j8645 B651I8657 8663 



8 8704I8710S716 8722 87^7:8733 8739,^45 
6 8763 8768 8774 877-^ 8785 8791 8797 880a 



S8ao 8825 8831 



8876 
7893a 
18987 
49C43 



888 2 8887 
8938,894. 
B993899' 



9047|9«353 9038 9063 
09096 9101:9106 9112 9117 



9*49 9i54'9i5g 9165 9170 



930Ji|92o6j92t3 9217 9222 
93'5l93=*3a5 



930^9309 



I 



9365 937a 9375 
9415 94ao 9435 



9 ^5^4 ^309 
7 9552 9557 



9647965496579661 



69741 
9786 



96009605 

9647 

9694 



7 9832 9836 9841 
3^9877 98S1 
^[99fll|9g2/jyij3cl9934 



98S6 9890 9894 



9899 

9939 9943 

i|996si99<>9 9974|9978p983|9987 



B 8 



745974667474 



7612 
7686 
,7760 



7543,7551, 
761917*^*7 
76<>4|770I 
7767,7774 



7796 7803 1 781c 7818 7825I7832 7839 7S46 

I "i , , 

97868 78751788a 7889 7^ 7903 79'0 7917 

7938 79451795= 7959 7966; 7973. 798079B7 

8007 8014 3o2i ,8oa8 B035 804 J 1 804 8 1 8055 

9|8o75 8o9a;8ce^ &og^ 8102 810918 1 1 6 8 taa 

8142 8 1 49 8156 8162 3 169 8176^8 j3aSj 89 



1 S 



8341824818254' 



8^6986758681 8686 



8837 a342'aa48 

8893 88yrj|8904 
8949 895.^,8960 



, r 

419009,9015 



9465 ^469 ^74 
9513 9518 9523 
956a 9566 957 



9699970397089713 



97451975° 97S4 97599763 
9791:9795 9800 9805 



984598509854 



8306 



8312^8319 
83708376I83S3 
843a 

8494; 



84398+45I 
850018506 



e8S4 

8910 

8965 

903Q| 



88® 

S97i 
,90=51 



90699074J9079! 



9122 
9175 

9 J 27 

9279 
9330 



9128! 
9180I 

<J232 
9284 

93351 



93809385' 
;943<5 9435i 
74799^^41 

9528 9533 
9576 93^' 



9609961496199624 



9666967 



9717 



962B 

9675! 

9722, 

9768J 

9B099814 



:9I33 
I9185! 
9238 
9289 
19340 

I9390 
,9440 
9^ 
y538 
9586 

197^7, 

|9773. 
9818, 



9859! 
99031 
9943 1 
9991 



I 

!9«63i 
|99oB. 

9996 



3 4 



3 3 

a 3 

a 3 

a 3 

a 3 

2 3 

a 3 

3 3 
a 3 
a 3 

* 3 

2 3 
^ 3 

3 3 



a a 
3 a 



a 9 



3 3 
I a 
I a 



t a 
I a 
J a 



7 8 9 



5 5 



4 S 

4 S 

4 4 

4 4 

4 4 



3 3 

3 3 

3 3 

3 3 



6 7 

6 7 

6 7 

6 7 

6 7 

6 6 



5 5 

5 5 

5 5 

5 S 

5 S 



4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

3 4 



2 B 



3/^ 



Ligmriikmts^ AtttihgmrMMS^ ^. 
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3193 3199 3306 
3266 3273 32S1 3:^89 

3342 3350 33S7 3365 

3430 I4aa 3436 3443 

5499(35^8351613534 

359713606 



3^4 3^73 3^ 



■64 !4365 
'6© \4A^ 

■87 4677 



-68 

■7a 

■74 
78 

7i 
77 
78 
70 
■60 



4375 ^385 
4477.4407 

4S»t4S92 
46884699 
478647974808 
49094930 
SOs^3'503S 



4603461 
47104721 



4S98 
SOI a 

S370 
54^5 
5^3 



S754 57^,5781 

5aS8, ^9035916 
6oa6 



514x35154 
5260527a 
S383iS30S 
5508,553 



4508 4519 4529 



4819 
4932 
5047 

5164 
5i»S4 
.S4oS 
5534 



3 46^4 46344645 



4631 



473* 474=f4753 



4842 

4955 
5070 



4943 4955 49^, 
SO58 ^ - 



50365649 5663 567s 5689 



61G6 



59705984 

6t09|6iz4 

6i8o|6j94&>D96223 6237 6252(6266 

6397.6413 



6039 6053 6067 



'61 645764716486 



63(0^63246339 



6353 



66o7[66aa|6637 6653 



m^ 16761 6776 6792 
^04 ,6918 6934I695P 



.L 



T 



'Be|74J4!72^*,7376 

'87 711 3 74 .l'^ 7447 

7^3ti,7W3 762r 



5794 
929 



6081 5o9S 



6368 6383 



6501 6516 5ti3i 



•88 77^5 
W 7943 

'&I1S128 .,, 
*ea 8318,83378356 

■94 8710 87308750 
'05 8913 3933IS954 



7780,7798 
79&a79So 

81478166 



799S 

8]3 
6375 



<9e 

80 



91309141,91629183 
9333|9354 9376 9397 
955^ 9573 9594 96 1 6 



6^4 



857018590 B610 8630 
87301875067708790 88 lo 883 



9311 
94i9fe*4"p462j9-«? i ' --^ 
«^ v3^v.i/-iyjyHv---96389^'9683 97 
B0 ,9772,9795 98171984^^9663 9886 ^908 grj^i ,^ i , ,-; 



1I3690 
37*^3776 



3855 
3945 
4036 

4130 
74227 

5 4335 
64426 



SI76 5188 
5397 5309 
54ac5433 
5=^46 5 



580858: 
5943 5957 



666^6683 



65466561 
669916714 

6808; 6833^^18391685 5 6871 
0157031 

712917 1 45I7161I7178 7194 



6 



7 

3214 



38'J4 
3954 



38733883 



40464055 



4140 
4336 
4335 
4436 
4539 



435314864 

1-1977 

50835093 

530015^12 

53^*!5333 

5445*5458 

557215585 
5703,5715 



3 

3221 

3390 
3373 
34S1 
3533 
3614 

3698 
3784 



9 

ja»8 

3304 
3381 
3459J, 
3540 
3633 

37«7 
3753 



39<*3 



3973 
4064 

4159 
4256 

4355 



4150 

4246 
4345 

144^4457^ 
45504560 

46564667 
47*^4 4775 
48754887 
49895000 
5i»5Sti7 



\ 2 



5=24 



5336 



53465358 
5470 5483 
559S5610I 
572815741 



58345849.5861158751 



5998,60121 
61386153 



6281 



6437 6442 J 1 



6395 



65776593 



67^ 
6BS7 
7047 
721 1 



^21H 

6902'l 
7063. 
722S I 



B204 8222 B'24['826o'8279 8299 

S395I84 » 4|S433 0453847a 8493 

86^08670^8690 

1 88^1 887a[B892 



899s J016 9036 9057 9078 9099 



I I 

I a 
I 3 
I 3 
1 3 
t 3 

1 3 

1 2 
T 3 
I 3 

I 3 

t 3 

I 3 

I a 
t 3 
J 3 

t 3 

I 3 
I 3 
1 3 

f 3 

I 3 
£ 3 

I 3 
I 3 
1 3 



7295 '73 1 f 7338 73457362 73797396 
^7464 7482 7499 75»6.75Mi755i 7568, 
7638: 7 65(3 7674 769117709 77277745 
78167834 7S52 78707889 7907:7925 , 
80 1 7^03 5|aoS4 18073; 809 1 8tio I 



3 3 

3 3 

3 3 

3 3 

a 3 

3 3 

^ 3 

3 4 

2 4 
4 

3 4 
3 4 
3 4 

a 4 

^ 4 

34 

3 4 

3 4 

3 S 



34 

a 3 

a 3 

a 3 

3 3 

a 3 

a 3 

3 3 

3 3 

3 4 

3 4 

3 4 

34 

3 4 

3 4 

3 4 

3 4 

3 4 

3 4 

3 4 

3 5 

4 5 



4 5 
4 5 

4 6 
46 
46 

5 6 
S6 
56 

S 7 



6 8 
6 8 
6 8 
6 8 
6 8 



6 6 

7 9 
7 9 
7 9 



6 7 8 



4 5 



8 



8 9 
B 10 

8 10 

9 10 
g 10 



6 7 



9 10 

9 to 

9 10 

9 10 

9 II 

10 II 
IQ It 
10 It 
10 13 

10 13 

11 13 
II 13 
II 13 
It IS 
13 13 



13 



9 

9 tl I 13 14 

9 u 13 14 

10 II 13 15 

to 13 13 15 



10 13 

10 13 
I J 13 

11 12 
It 13 

Jt 13 

12 14 

12 14 

13 14 

12 15 

T3 n 

13*1 

13 16 

14 16 



i3 ^S 
14 16 
14 16 

14 16 

^5 17 

15 17 

15 t7 

16 18 

16 ]8 

17 »9 

17 19 
17 ao 
iS ao 

iS 30 
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NATURAL SINES. 



etc. 



1 
9 
8 

4 
5 
6 

7 

8 
9 

10 

11 
19 
18 

14 
16 
16 

17 
18 
19 

80 

81 
88 
83 

84 
85 
86 

87 
88 
89 

30 

31 
38 
33 

34 

3^ 
36 

37 
38 
3*> 

40 

41 
48 
43 

44 



V' 


•r 


oooo 


C017 


OI7S 
0349 
0533 


OIQ2 
0366 

o54« 


.»87l 
i<»45 


07*5 
0889 
1063 


1219 

«3*>3 

»5tM 


1236 

1400 
1582 


«7,^<> 


1754 


itx>8 
J*>7»> 
J J 50 


Il>25 
2J07 


JSHH 


a<x>s 
•»773 



•»' 



003s 0052 0070 



0209 

0384 
0558 

0732 

0906 

1080 

"53 
1426 

«5i,9 
1771 



0227 
0401 
0576 



0244 
0419 
0593 



0750 0767 
0924 ' 0941 
1097 HIS 



1271 

>444 
lOlO 

1788 



3-»5^' 



1042 1059 

JII3 , 21 JO 

2284 2300 



I J*v2J 2031) 

j J7t/5 2807 



*)40 ' 2^57 -2^74 
I 3107 31J3 3140 
I 3272 j 32H9 3305 



1288 
1461 
"633 

1805 

1077 
2147 

2317 

2487 
20«;6 
2823 

20X) 
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method .... 139 
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46. „ „ „ ., half-deflection ., 79 

49. „ „ ,, Mance*s ., 82 
„ secondary 337 



384 Index, 

TEST NO. PACE 

39. Bridge wire, calibration by Carey- Foster's method of a metre . . 68 

40. » M *> Gray's „ „ . . 70 
Bridges, circular multiple metre 31S 
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Calorimeter, description of a form of electro- 350 

106. Capacities in scries and parallel, laws of combination of . . . 190 
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t» »» >» M s.ingle ,, . . . 328 

Chemical equivalents, table of ^5^ 

66. Clark standard cell, preparation of 107 

Clark's cells, table of E.M.F.V at different temperatures of . . 364 

Coefficient of mutual induction j^^ 

,, self-induciion ig^ 

Commutator^, Pohl's ■j-^O 

Condenser, description of a standard adjustable form of . . . 354 

,, llu' Kelvin air Leyden 351 
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Constants, useful 366 

Copper voltameter, description of 332 

73. ,, ,, method of finding the constant of an ammeter 121 

Creeping, magnetic 148 

35. Current and amount of heat generated, relation between ... 57 

72. Current- measuring instruments, standardization by silver voltameter 1 19 

I. Curve plotting i 

D 

Damping coil, description of 349 

D'Arsonval galvanometers, description of 286 

Data, useful, and constants, table of 366 

Decrement, the Napierian logarithmic 75> ^34 

Deposits of various metals, table of electrolytic 364 

Differences of potential, best way to obtain the ratio of two . 174 

Differential galvanometers, description of '282 

Dimensions of electrostatic capacity 167 

„ magnetic permeability, induction, etc 146 

„ self and mutual induction 195 

" Dip " circle, description of 335 

5. ,, (magnetic), measurement by the dip circle . ... 10 

6. ,, ,, ,, „ induction magnetometer 13 
Dynamo, description of a model 360 
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Earth coil, description of the 359 

Electro-calorimeter, description of a form of 350 

Electro-chemical equivalents of metals, table of 364 

74- Electrolytes, conductivity and specific resistance by the Stroud- 
Henderson method of 124 

76. Electrolytes, resistance of, by the Kohlrausch method ... 128 

77- ., „ «, secohmmeter „ .... 129 

Electrolytic deposits of various metals, table of 364 

„ resistance cells, description of form for use with Kohl- 
rausch bridge 346 

Electrolytic resistance cells, description of the Stroud- Henderson. 243 

Electrometer, Carpentier quadrant, description of 289 

directions for use and setting up 300 

,, reversing key 298 

„ Thomson quadrant 290 

S9. Electromotive forces, comparison by Clark- Poggendorff method 96 

^' „ ., ,, condenser or ballistic ., 98 

"'• „ ,, ,, electrometer method . 99 

5S' n .» »» equal deflection method . 91 

54* „ ,, ,, ,, resistance „ 90 
5®' „ ,, ,, Lumsden's, Lacoine*s, or 

Bosscba*s method 95 
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57. Electromotive forces, comparison by Wheatstone's method . . 94 
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of the needle of a 266 

42. (jalvanomclcr, resistance, measurement by equal deflection method 72 
41. ,. ,, ,, half-deflection ,, 71 
44. ,, ., ,. logarithmic decrement 

method 75 

43. (lalvimomeler resistance, measurement by Thomson's methotl . 74 

,, ,, proofs of formulae for various methods 227. 228 

Galvanomcter>, astatic ballistic, description of 282, 2S5 

., ,, combinations of needles in 272 

., ballistic 131 

D' Arson val 286 

,. dilTcrcntial, description of 282 

,, general remarks 265 

,, |H>rtal)le form, description of 270 

reflecting, description of 280 

,, sine form 272 

,, langenl, description of Helmhohz form of . . 269 

Post-office ,. . 267 

,, ,, variable ,, . . 270 

,, Thomson hii;h-rtsistance astatic, description of 284 

,, Walmsley-Maiher form, description of . . . 271 

Cias voltameter, description of mix«^ 331 

Gauss, the " .\ " position of 14, 149, 219, 241 

*' ir* ., 14,149,220,242 
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12. •* H " the horizontal component of the earth's magnetism by 

method of oscillations and deflections 22 

35. Heat generated by an electric current, measurement of . . . 57 

Helmholtz tangent galvanometer, theory of the 116 

Hibbert*s standard magneto-inductor 358 

Hughes* induction balance, description of 356 

85. ,, ,, ,, determination of relative inductivities by 143 

„ magnetic ,, description of 355 

90. ,, ,, ,, determination of relative magnetic quali- 
ties by 160 

56. Hysteresis and permeability, magnetic, introductory to measurements 145 

,, B — H cyclic curve, method of plotting results for . . 164 

91. ,, magnetic, measurement of, ballistically 162 

92. ,, „ „ by magnetometer method . 165 

I 

Induction balance, description of the Hughes' 356 

6. ,, magnetometer, measurement of magnetic dip by . . . 13 

Inductive and non-inductive resistances, notation for .... 195 
85. Inductivities of materials, determination of, by Hughes* induction 

balance 143 

Inductor, description of Hibbert's standard magneto- .... 358 

M the earth • • • • 359 

,, slip-coil magnetic 334 

84. ,, standardization by the capacity metho<l of a standard 

magneto- 142 

Inferences, solution of 219-256 

27. Insulation resistance by loss of charge, electrometer method . . 46 
26. ,, ,, ,, „ galvanometer „ . . 44 

,, ,, ,, ,, method, proof of formula . 226 

28. ,, ,, of condensers by loss of charge ,, . . 48 

29. ,, ,, leaky condensers by loss of charge methods, 
employing shunts 49 

48. Intemalresistanceofbattery, measurement by Beetz'h method . . 81 

51. ,, „ ,, ,, condenser ,, . . 86 

52. ,, ., ,, „ electrometer ,, . . 87 
47. ,, ,, ,, ,, equal deflection (shunt) 

method 80 

45. Internal resistance of battery, measurement by fall of potential method 77 

46. ,, „ ,, ,, half-deflection ,, 79 

49. ,, „ .. ,, Mance's ' ,, 82 

,, ,, prcx)fs of formulre for various methods 

228-233 

,, ,, of cells, table of 364 

64. ,, ,, „ variation of, with size, etc 104 

Sa „ „ thermo-electric generator 84 

J 

36. Joule's equivalent, determination (electrically) of ... . 59 
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Kelvin electric centi-ampere balance, description of the ... 27-4. 

Keys, charge and discharge 32S 

four-way plug 32S 

Pohl's reversing 330 

simple ,, 32^ 

„ spring tapping 32^ 

two-way high-insulation spring tapping . . . . . 3^ 

,, charge and discharge 

Kohlrausch bridge, description of the 



Lag, magnetic i .. 

94. Leakage in condensers, determination of t ' 

2. Lines of magnetic force, delineation by compass-needle method 
II. ,, ,. ,, distribution in dynamo by iron filings 

method 

Logarithmic decrement, the Napierian 75, :k: ^34 

Logarithms, table of -^ ^ 

Low resistances, standard ^;^^^ 10 

M 

• 

Magnetic balance, description of the Hughes* ,1^555 

19. ,, field strength due to constant current in a circular coil 32 

8. ,, moments of bar magnets, comparison by *' deflection" 

method 17 

10. Magnetic moments of l)ar magnets, comparison by vibration method 20 

9. ,, ,, ., ., measurement by ,, ., 17 
7. ,, ., ,. ,, ,, "deflection" 

method 14 

Magnetic moments of niaijnets — solutions of inferences . . . 21^ ^22 

90. ,, (jualities of different magnetic materials, detennination of 

relative 160 

3. Magnetism in bar magnets, distribution by method of oscillations . ^ 

4. ,, ,, ,, ,, induction ballistic 
method ° 

Magneto-inductor, description of I libbcrt's standard .... 35° 

,, standard, proof of formula in standardization of ^^ 

84, ,, ,, standardization by the capacity method ^^2 

Magnetometers, delicate reflecting, description, etc 337 

,, sim}>le, description, etc -33 

Magneto-static current meter, description, etc 27^^^ ^ 
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39, Metre bridge wire, calibration of, by Carey- Foster's methoil . 

40. .. ,. ., ,, Gray's ,, . . ' 
,, l)ridi;es, de>cription, etc ^ '' 
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Molecular conductivities of electrolytes, table of 365 

. Mutual and self-induction coefficients, absolute and comparative 

determination • 193 

. Mutual induction, absolute measurement of, by Carey-Foster*s 

method 209 

. Mutual induction, absolute measurement of, by standard magneto- 
inductor 212 

. Mutual induction, comparison of two coefficients of, by Maxwell's 

method 210 

. Mutual induction, comi)arison of two coefficients of, by secohm- 

meter method 212 

Mutual induction, dimensions of 195 

,, ,, proofs of formula: for absolute determinations . 255 

,. ,, standard, description of types of 263 

N 

Napierian logarithmic decrement 75, 134 

Notation for inductive and non-inductive resistances . . . . 195 

,, plotting points on curves 2 

O 

.. " Ohm's law," proof by the electrometer method 26 

i- ,, ,, galvanometer ,, 24 

P 

Periodic time of oscillation of a galvanometer needle .... 133 

Permeability and hysteresis magnetic, introductorj- to measurements 145 

,, dimensions of ... . .• 146 

,, magnetic, measurement by magnetometer method . 146 

ring ballistic ,, . 154 
rfMi and yoke ballistic 

method 158 

Permeability (magnetic), proof of formulae for magnetometer method 241 

,, ,, ring, dcscriptitm of 348 

Permeameter, description of the 357 

Plotting curves I 

PohPs commutator, or reversing key, description of .... 330 

Polarizatitm of cells 89 

Portable galvanometers, description of 270 

Potential diffiircnces, best way to obtain ratio of two . . . 1 74 

Practical and C.G.S. units, table of 365 

Quadrant electrometer, description of the Carj^ntier .... 289 

,, ,, ,, M Thomson .... 290 

,, .. directions for the use and setting up of the 300 

,, ,, reversing key for 298 
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Reciprocals of numbers, table of 37S \ 

Reflecting galvanometers 280 

94. Residual absorption or charge in condensers, measurement of . . 169 

Resistance box arranged for testing relation between length, 

diameter, and material 3^^ 

Resistance box arranged for testing laws relating to resistances 

in parallel 3-<^"3 

Resistance boxes ^^K-A 

25. ,, (high) measurement by the substitution method . . '^^^ 

30. ■ ,, (low) „ ,, potential difference method S° 

24. ,, measurement by the differential galvanometer . . . -^^^ 

22. ,, „ , metre form of Wheatstone bridge ^7 

23. ,, „ ., Post-office form of „ ,, 39 
21. ,, ,, ,, substitution method .... Z3f^ 

„ measurements (high) — solutions of inferences . . . :^^s -^3 

„ „ (low) „ „ ... ^=^ ^4 

M ,» (ordlhary) „ „ . . 222, :=^ ^3 
69. Resistance of ballistic galvanometer, determination of apparent 

increase of, when shunted -^t '3 

64. Resistance of cells, variation of, with size and distance between the 

plates :^ "^H 

76. Resistance of electrolytes, Kohlrausch alternating-current method ^^ -^ 
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77 
75 
42 



measurement ofconductivity and specific "^ ^^^ 

,, ,, secohmmeter method -M^ --^9 

,, ,, Stroud-Henderson direct-current methoil "^ ^^ 
,, t)f «;alvanoineters, measurement by equal -deflection 

methoa ^^ 

41 . Resistance of galvanometers, measurement by half-deflection method ^' 
44. ,, ., ,, logarithmic decre- 
ment methcnl '5 

43. Resistance of galvanometers, measurement by Thomson's method . '"* 

,, of various cells ^^^^^ ^ 

20. ,, prop<^rtit)nal to leni;th, experimental proof for uniform wire 

Resistance, standard low ^^^ 

,, one-ohm ""^^ 

.,, ,, variable i»>w ^^^^ 

31. ,, variaiii^n NNith length, (lianieier, and material ... \ 
3S. Re>i.>lance> and tenioerature, coefficient, Carey-Foster metho<l 
37 '« M relation l>et>veen, for different metals 
33. ,, comparison by the majjneto-inductor method ... 

32. ,. in parallel, laws of combination ^ 

,, M pr« »of of laws of combination of . . -^^^ 

,, prelimmarv remark^ on • ^^ ' 

RevtT>in;^ key, simple J^^ 

Rhe*^stai, carbon plate, description of ^^ * 

,, carbonized cloth, description of . .^^ n 

,, non-inductive wire, description of ^^ 

., Wirt wire, description o( ^^^^ 
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Secohmmeter, description and theory of the 259-262 

Secondary battery 337 

. Self and mutual induction coefficients, absolute and comparative 

determinations 193 

Self-induction, absolute measurement of 204 

,, ,, ,, by Maxwell-Ray leigh 

method 195 

Self-induction, absolute measurement of, by Maxwell-Rimington 

method 203 

Self-induction, absolute measurement of, by secohmmeter " deflec- 
tion " method 198 

Self-induction, absolute measurement of, by secohmmeter **zero" 

method 201 

Self-induction, comparison of two coefficients of, by Maxwell- 

Niven method 206 

Self-induction, comparison of two »coefficients of, by secohmmeter 

method 207 

Self-induction, dimensions of 195 

„ standards, description of types of ... . 263-265 

Self-inductions in parallel, determination of the laws of combination 2 14 
„ proofs of formulas in absolute and comparative 

determinations 250 

Sensitiveness of galvanometers 28 

Shunt-box, constant total -current 324 

,, high -insulation 323 

,, ordinary 323 

„ universal 325 

. Shunted galvanometer, relation l^etween current in, and total main- 
circuit current Ill 

Shunts 322 

,, action of, on galvanometer deflection 109 

„ proof of formulae of measurements with 237-239 

Silver voltameter, description of 333 

,, „ method of standardizing current instruments . 119 

*• Sine " galvanometer, calibration by constant-current method . 30 

,, ,, description of a 272 

Sines, table of natural ... 372 

Slides, the Thomson- Varley 321 

Specific gravities of metals, table of 364 

,4 heats of metals and alloys, table of 363 

„ inductive capacity of dielectrics, measurement of . . . 188 

,, resistance and conductivity of electrolytes 124 

,, resistances, determination of 55 

,, ,, of metals and alloys, table of 363 

Spring tapping-ke>', simple 326 

„ ,, two-way high-insulution 327 

Square roots, table of doubled 380 

Squares, table of 376 
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Standards of E.M.F 339 

Switch, quick break large current 331 



70. Tangent galvanometer, determination of constant of, by calculation 

and experiment 115 

Tangent galvanometer, theory of the Helmholtz 1 16 

„ ,, ,, ordinary 115 

,, galvanometers, description of 267 

Tangents, table of natural ... 374 

Temperature coefficient apparatus, description of 349 

,, ,, bridge 317 

38. I, ,. of variation of resistance by Carey- Foster's 

method 63 

Temperature coefficients of metals and alloys, table of ... 363 

Thermo E.M.F 338 

65. Thermo-electric element, relation between E.M.F. and tempera- 
ture in 106 

Thermo-electric generator, description and instructions for use . 341 

Thomson high-resistance astatic galvanometers, description of . 284 

Thomson- Var ley slides 321 

Time of oscillation of galvanometer, the periodic 133 

95. Time-constant of condenser discharge, relation between current and 171 

U 

Units, table of relation between practical and C.G.S. (absolute) . 365 

Ustful constants 366 



71. Nohamotcr, calibration of a galvanometer by the mixed-gas 

7 ;. ,, *• constant " of a galvanometer by the coppwr . 

,, standardization of current instruments by silver 

\\)ltamcU-rs, copi>cr 

,, niixol gas 

silver . . 

\*oltnu'tcr, \Ve>ton, description of 
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121 
119 
332 

313 
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Weston voltmeter 288 

WhealNtonc bridge (circular multiple metre form), description of . 31S 

(metre form), description of 315 

(Toit-i^^ffice form), description of . 319 

, .. (standard dial form), ., . . 320 

Will rheostat, description of 309 



rKINTKO UY >MLLIAM CLOWSS AND SONS, LIMITED, LONDON AND BBCCLES. 



A 

CLASSIFIED CATALOGUE 

OF 

SCIENTIFIC WORKS 

PUBLISHED BY 

MESSRS. LONGMANS, GREEN, k CO. 

LONDON: 39 PATERNOSTER ROW, E.G. 

NBW YORK: 91 A 93 FIFTH AVBNUB. 

BOMBAY: 3a HORNBY ROAD. 



CONTENTS. 



PAGE 



^ot^ancsd scisncb manuals - 30 mineralogy • - - .14 

Agriculture - - - 27 Natural History and General 

Astronomy 14 Science 17 

Bacteriology - - - - 25 Naval Architecture - - - 13 

"lOLooy 25 Navigation 14 

Botany and Gardening - - 26 | Optics 8 

^^iLDiNo Construction - 10 i Photography . . . . g 



^**Kmistry 2 

^vnamics 6 



Physics 5 

Physiography - - - 16 



Electricity 11 ; Physiology - - . .25 

^^•^MBNTARY SCIBNCB MANUALS- 30 | PRACTICAL ElBMSNTARY SCIBNCB 

^**oineering 12 Sbr/bs 32 

^^OLOGY 16 Proctor's {R. A.) IVorks - - 15 

"^ALTH and Hygiene - - 18 , Sound 8 

^^AT 8 1 Statics 6 

"vurostatics .... 6 Steam, Oil and Gas Engines - 9 

^'Qmt 8 1 Strength of Materials - - 12 

'^ojstdon scibncb class books - 32 technology 18 

'^ojSfGMANs' Civil Enginbbring Telegraphy 12 

Sbribs 13 Telephone 12 

Machine Drawing and Design - 13 Tbxt-Books op Scibnce - - 29 

^Aqnbtism II Thermodynamics .... 8 

Manufactures - - - 18 , Tyndall's (yoHN) Works - - 28 

Mechanics 6 Veterinary Medicine, etc. - 24 

^^^isiciNB and Surgery • 19 Workshop Appliances - • 14 
^^tallurgy - - 14 Zoology 25 



Sd^mfi/k iV^rki ^uhHsked fy Lan^mam^ Grtin^ &* Co^ 



CHEMISTRY. 

CJiOOA^ES— SELECT METHODS IN CHEMICAL" 

ANALVi^IS, chictfy Jnorgiinic. By Sir WtLLJAM CroOKeS, F. R,SL, etc. Thiitl 
Edition. Rewriuen and EolafEetL With 67 Woodcuts. Svo., iu, net. 

Fi/^NEAUX,— ELEMENT \RY CHEMISTRY, Inorganic and 

Organic. By W- FuRNEAUV. F,R.G.S,, Lficlunsf on Chemistry. London 
Bcboc^l Board. With 65 IUustration& and 15s Expert ments. CrowD Svov, ax. 6d. 



GARRETT Am IfARDEN.—hN ELEMENTARY COURSE 

OF PRACTICAL ORGANIC CHEMISTRY. By F. C Gafrett. M,Sc 
(Vict, et Dyndm.), Assistant Lecmrcr and Demonstrator in Chcntiitry, tl»e 
hurlutm College of ScienoCj Neweaitle-oii-Tyms ; and ASTHUIi HA&BEtt, 

M.Sc- (Vici.), Hh,D., Assistant Lecturer and Demonstrator m Chemistry , tbe 
Oweni College, Manchester. With 14 Illtisti^tions. Crown @vo^, 



/^6^a— Works by W. J AGO, ECS., FJ.C 






INORGANIC CHEMISTRY, THEORETICAL 

PRACTICAL. With an Introduction to the Principles of Cbemicf^ AB«l|«ts, 
Inorganic and Organic. With 65 Woodcuts and numcoits Qnestioiis iind 
Exercises^ Fcp. Svo , aj. bd. 

AN INTRODUCTION TO PRACTICAL INORGANIC 

CHEMISTRY. Crown Bva, u, bd. 

INORGANIC CHEMISTRY, THEORETICAL ANI ^ 

PRACTICAL. A Manual for Stadents in .Vdvaneed Clashes of the Science" 
and Art Department, With Plati? of Spectra and 78 WcuDdciits. Crown 
Svo. , 4r. 61^. 

KOlBE.—k SHORT TEXTBOOK OF INORGANIC 

CHEMISTRY. By Dr. Hkmmann Kt>l.Bl. Translated and Edited by T, 
HuMPlDGG, Ph.D. Wiih 66 Illustrations Crown Svo. , Bj. M^ 

MErfDELEEFR—TViE PRINCIPLES OF CHEMISTRY; 

By D, MttNDEL^rFP. Translated from ihe? Russian (Sinth Edition) by George 
Kamem^KV^ A,R.S.M., of the Imperial Mint, St. Petersburg:; and Edited by 
T. A Lawson, RSc., Ph.D., Fellow of the lostitiite of Chemisttj^ With 96 
Djagninis and Illustrations. 3 vob. Svo,, j6j« 



ilf^K^i^.— OUTLINES OF THEORETICAL CHEMISTRY. 

By Loth A K Meysr, Professor of Chemistry in the University of Thbittgen. 
' ' '~ ' Phillips BEDaoii, D.Sc, and W, 



Translated by Professors P. 
WlLUAMS, B.Se. Svo.. gj. 



CAilLfe^liDH 



J^/ZZ^y?.— INTRODUCTION TO THE STUDY OF 

ORGANIC CHEMISTRY. By W. Allkn Mtt^LEU, M.D.. LL,D. 
71 Woodcutii. Fcp, Svo.. 3^. ^. 



Sdeniific Works pHMlshed by Longmans^ Green, 6^ Co^ 



MUIR,—h COURSE OF PRACTICAL CHEMFSTRY, By M, 
M* P. MuiR, M*A,, Fdlow and Prjelector m Cbembtry yf GonvUie and Caios 
College, Cambrid^ (3 Parts.) 

Part I, Elementary. Crown 8vo., 4J. Sd. 

Part II, Intermediate, Crown Svo., 4i. 6d. 

Part I IL {In preparation . 



NMtVTH.—\SotV% by G. S. NEWTH, F.LC, F.C.S., Demon- 
strator in the Royal College of Science, London. 

LECTURE EXPERIMENTS. With 230 

Crown 8vo.. 6j. 



CHEMICAL 

IMustrations. 



CHEMICAL ANALYSTS, QUANTITATIVE AND QUALI* 

TATIVE. Witb icxi Illustrations. Crown Bvo,, di. 6^. 

A TEXT BOOK OF INORGANIC CHEMISTRY. With 146 

niustrations. Crown 8vo., 6j, 6rf» 

ELEMENTARY PRACTICAL CHEMISTRY. With 108 

Illustrations and ^54 Esepedmeats. Crown 8vo,, aj. 6tf. 



€?5r^^Zi?.— SOLUTIONS. By W. Ostwald, Professor af 

Cbcroistry in the Universiiy of Leipitig. Being the FourtJi Book, with some 
adctitions, of the Second Edition of C^w^d'a * Lehrbuch der fU1gem«ineo 
CbetDie'. Translated by M. M. Pattison Muia^ Fellow and Prelector in 
Cbemistfy of Gonville aitd Caius Coll^g^p Cambridge. 8vo, , lor. 6<^. 



JtE F7^(9Z 2? 5.— EXPERIMENTAL CHEMISTRY FOR 

JUNIOR STUDENTS. By J. Emerson Rkywolds, M.D.. RR.S.. Pro- 
fraaor of Chemistry ^ U ni varsity of Dublin. F'cp. 8vo., with numerous Woodcuts. 

Part I. Introductory, Fcp, 8vo.| is, 6d, 

Part 11 . N on- Metals, with an Appendix on Systematic Testing 

for Acids. Fcp. 8vo., aj- 6rf. 

Part III. Metals, and Allied Bodies* Fcp. Sva, y. 6d, 
Part IV. Carbon Compounds. Fcp. Svo., 4s. 



SffENSTONE,—\Wot\is by W. A. SHENSTONE, F,R,S., Lecturer 
on Chemistry^ in Clifton College, 

THE METHODS OF GLASS BLOWING. For the use of 

Physical and Chemical Students* With 4a Illtisirations. Crown 8vo,, u, 6dl 

A PRACTICAL INTRODUCTION TO CHEMISTRY. 

Intended lo give a Practical acquaintance with the Elementary Facts and 
Principles of Chemistry. With 25 Illustrations^ ("rown 8vo.» a/. 



Scientific Works published by Longmans^ Green, 6- Co. 



CHEMI8TRY-Ofi/i'»iM«/. 

THORNTON and PEA/^SON-^NOTES ON VOLUMETRIC 

ANALYSIS. By Arthur Thornton, M. A. , and Marchant Pearson, B. A. . 
Assistant Science Master, Bradford Grammar School Medium 8vo., 2s. 



THORPE.—WoxVs by T. E. THORPE, C.B., B.Sc. (Vict), Ph.D., 
F.R.S., Professor of Chemistry in the Royal College of Science, 
South Kensington. Assisted by Eminent Contributors. 

A DICTIONARY OF APPLIED CHEMISTRY. 3 vols. 

8vo. Vols. I. and II., 42.1. each. Vol. III., 6y. 

QUANTITATIVE CHEMICAL ANALYSIS. With 88 Wood- 
cuts. Fcp. 8vo., 4J. 6tf, 



THORPE Axn J/raA'.— QUALITATIVE CHEMICAL AN- 
ALYSIS AND LABORATORY PRACTICE. By T. E. Thorpe, C.B.. Ph.D.. 
D.Sc. K.R.S., and M. M. Pattison Muir. M.A. With Plate of Spectra and 
57 Woodcuts. Fcp. Bvo. , 3^. 6«/. 

T/LDEN— Works by WILLIAM A. TILDEN, D.Sc. London, 
F.R.S., Professor ot Chemistry in the Royal College of Science, 
South Kensinji^ton. 

A SHORT HISTORY OF THE PROGRESS OF SCIENTIFIC 

( HKMISTRV in OCR OWN TIMES. Crown Bvo.. v- net. 

INTRODUCTION TO THE STUDY OF CHEMICAL 

PHILC)SOPHY. Ihe Principles of Theoretical and Systematic Chemistry. 
With j; Wo<.xlcuis. \\'ith or without the ANSWERS of Problems. Fcp. 
Bvo. . 4\. 6J. 

PRAC^TK\AL CHEMISTRY. The principles of Qualitative 

.\nal>sis. Fcp. Bva. i«. txf. 

HINTS ON THE TEACHING OF ELEMENTARY 

CHK.MISTRY IN Sc HC>OU^ AND SCIENCE CLASSES. With 7 
lUuslr.iiions. Crown Bvo. . 2<. 

UH/7Ey.£}\- -Works by R. LLOYD WHITELEY, F.I.C., 
Princi|>al of the Municipal Science School, West Bromwich. 

CHFMK AL CALCULATIONS. With Explanator>- Notes, 

IVobli'nis and .Ans\%er>. specially adapted for use in Colleges and Science 
SchiH^ls. With .1 IVeuice by Professor F. C i.owES. D.Sc \Lond.). F.I.C. 
V. rc»\n S\o. . x>. 

ORGANU^ CHKMISTRV: the Fatly Comix)unds, With 45 

I llusir.it ions. Crown 8\x>. . ^f. 6J, 



Seuntific IVarks published by Langmans^ Green^ ^ C&. 



PHYSICS, ETC, 
^/|j?Z,— THE ELEMENTS OF LABORATORY WORK: 

ji Course of Natural Science. By A, G. Earl, M.A.. FX\S., late Scholar o< 
Chrisi's College, Cambridge, With ^7 Die grains and numerous Exercises ^nd 
Cjuestionf. Cro*Ti 8vo., 41, ttd, 

GAJVOT.--WQTkB by PROFESSOR GANOT, Translated and 
Edited by E. ATKINSON, Ph.D., F,C-S. 

ELEMENTARY TREATISE ON PHYSICS, Experimental 
and Applied. U'ith 9 Coloured PUics iintl Maps* and 105? Woodctits» and 
Appendix of Problems and E,>iamplcs witb Answers, Crown Svo.* 15*. 

NATURAL PHILOSOPHY FOR GENERAL READERS 

AND YOUNG PERSONS. Witb 7 Plaies. 634 Woodcuts, and an Appendix 
of Qtie&tiona, Crown 8vo., 7^. 6ti. 

GLAZEBROOK a.vd SB A M\— PRACTICAL PHYSICS. By 

R. T, G1.AZEBROOK* M.A., F,R.S,. and W. N. Shaw, M.A. Wiib ij4 
Woodcuts. Fcp. Sva, 7^^ 6^- 

<76"rj^i^/^.— MOLECULAR PHYSICS AND SOUND, By 

F. GirrHRlE, Pb.D* WUbgt Diagrams, Fcp. Siw,, u. 6d, 

NELMffOLTZ.^VO?\5 LAK LECTURES ON SCIENTIFIC 

SUBJECTS. By HkhWAHN vol** HKLMHoLTJt. Translated by E. ATKINSON, 

Ph^D.^ F.CS.^ formerly Professor of Experimental Science, Staff C^ollt:gc. With 

69 llluslnilions, a vols.^ crown 8vo.^ ^. bd^ each. 

CojNTEHTs.— VoL I.— The ReUdoD of Nbiural Science to Scleuce is GeaerKl^Goedie'i 

Sctcutific KeMiTchei— The Physiol oeii<:al Cduacsof Harmony in Music — Ice and Gkcien— The 

loEencttDn of the NmLuial Forcei— The Recent PiDf^fesa of the Theory of Vliion^The Conter- 

mfctian of Force— The Aim und Progrca* of Physic*! Science. 

CowTiHTa.— Vol 11,— Guitav Ma^ili». In Mcmori*m— The Origin Mnd Significance of 
G«ea&etriiAl AxionVB— The Relation of Qpticft to Painting — The Ongifi of the Planetary Svitem 
— Thooglit m Medicine — x4g«4efnit; Freedom in German Univeraitiea — Hermann Von Helm- 



igiii 
An 



Autobiographical Sketch. 



^^^Vi9^j?J?£?A^.— ELEMENTARY PHYSICS. By John 

HsKOKitSOK, D.Sc. (Edin.), AJ.E,E.* Physics Depiuttneiit, lioraugh Road 
Potytirchnic. Crown Svo*^ aj* 6rf. 

MEYER.— TH"^ KINEflC THEORY OF GASES, Elemeti* 

tiry Treatls<% uiih Mathematical Appendices. By Dr. Oskah Emil 
MKVi£Kt professor of Physics at ihe University of BreslatL Second RevistTd 
EdiLion. Translated by RoHKKT E, BavKes, M. A,, Student of Christ Church, 
Osford, Lind Dr. [..ee's keader in Physics. 8vo, , 15J, neL 

FAN 'TNOEK--TRE ARRANGEMENT OF ATOMS IN 

SPACE. By J. H, VAN T Hofp. Second, Revised, and Enlarged EditiocL 
With a Preface by JoHAltfp^ES WiSUCKNUS, Professor of Chemistry at the 
Umversity of Ijeip/Jg ; arid an Appendix 'Stereo-chemistry among Inoj-gank 
Substances/ by ALKRiiD Wkhner^ Professor of Chemistry at the Loiversity of 
Zfirich. TrAnslaied and Edited by Amnold EtLOAlT. Crown Svo., 6t. 6it 




Sdefttific Works puS/isAed fy Zat$gmam^ Grtiw^ S* C^, 



PHYSICS* ETC,-£bH//MiMtf. 

IVA TSOM— Works, by W. WATSON. B.Sc., Assistant Profe^or 
of Physics in the Royal College of Science, Ix^ndon ; Assistant 
Examiner in Phystcs, Science and Art Department. 

ELEMENTARY PRACTICAL PHYSICS : a Ubomory 

ManuAl for Use in Organised Scknce Schoo^ldL With lao lUostralions and 
193 EsfCf dses. Crown Bvo. , m. 6d. 

A TEXT- BOOK OF PHYSICS, With 564 Diagrams and 

lltustraliotis. Large crox^ii Svo., loj, 6^^* 

WOI^TiriNGTON.—h FIRST COURSE OF PHYSICAL 

LABORATORY PRACTICE* Containing 264 E^cpenmcot^ By A M. 

Worth rSGTON» MA, F.R.S. WiUi Illustrations. Cn>wn 8vo.* 41. 6rf. 

^^/(7^7:— ELEMENTARY PHYSICS, By Mark R, 

Wreght, M.A, Professor of Nomml Education, Dnrham College of Science* 
With 34a Illustrntlons. Croi^n 8vo.p aj. ttL 



MECHANICS. DYNAMfCS, STATICS, HYDRO- 
STATICS, ETa 

BALL.—h CLASS-BOOK OF MECHANICS. By Sir R, S. 
Ball, LL,D* 89 Diagmnis. Fcp. Svo.. u. ttl 

GELI}ARD.—STkTlQ% AND DYNAMICS, By C. Geldard, 
M.A.t formerly Scholar of Trinity College, Cambridge, Crown Svo*, gr, 

GOODE VK^Works by T. M, GOODEVE, M.A., formerly 
Professor of Mechanics at the Normal School of Science, and 
the Royal School of Mines. 
THE ELEMENTS OF MECHANISM. With 357 Wood- 

cut^ Crown Svo., 6j, 

PRINCIPLES OF MECHANICS, With 253 Woodcuts and 

numerous Examples. Crown S-vo.^ ^^ 

A MANUAL OF MECHANICS: an Elementary Text Book 

for Students of Applied Mechanics. With 13a Illustrations and Diagrams^ 
and 188 Examples taken from ihe Science I>qjajtment Examination Papers, 
with AnsweiD, Fcp, Svo,, aj. 6^. 

G^£?£?Z>i/:^-A^.^MECHANICS APPLIED TO ENGINEERING. 

By John GoopMAN , Wh.Sch. . A, M. I.C E. . M. LM. E. . Professor of Engineering 
in the Yorkshire College, tweeds (Victoria Univeraity)* Wjth 6ao lUustrations 
and numerous examples, Crowx) 8vo. , js^ 6^, net, 

(?^/£:K£'.— LESSONS IN ELEMENTARY MECHANICS. 

By W. H. Grieve, laie Engineefj R.N-. Science E>cmonstnitor f&r the London 
School Board, etc. 
Stage i. With 165 Illustrations and a birge number of Examples, Fcp. Sto,, 

Stage a. With 12a IHustrationv. Fcp. Bvo., u. 6</. 
Staffs 3* With 103 Illustrations. Fcp, Svo.* t/. 



Scientific W^rks puMisked hy L&ngmans, Green, &> Co. 7 
IVIECHANICS, DYNAmiCS, STATICS. HYDROSTATICS, ETC- 

AfAGJVUS.—WoTk^ by SIR PHILIP MAGNUS, B.Sc, B,A. 
LESSONS IN ELEMENTARY MECHANICS, Introductory 

to the study of Physical Science. Designed for the Use oT Schools, and of 
Candidates for the' London Malriculaiion and other Examinations, With 
numerous tlxercises, Exaitiplcs, Exiimitiation Questions, and Solutions^ etc., 
from 1870-1395, With Answers, and J31 Woodcuts. Fcp. 8vo., y. 6d. 
Key for the use of Teachers only, prict? 51, ^^d, 

HYDROSTATICS AND PNEUMATICS. Fcp. Svo,, ts, 6d. \ 

or J with Answers, aj* The Worked Solutions of the Problems ^ zj. 

I?OBINSON.—\Voxk% by the Rev. J. U ROBINSON, M.A. 
ELEMENTS OF DYNAMICS (Kinetrcs and Statics). With 

numerous Exercises. A Text-book for lunior Students^ Crown 8vo., bs, 

A FIRST BOOK IN STATICS ANT) DYNAMICS. With 

numerous Examples and Ans^yers, Crown 8vo, ^* &/. 
Sold sepamtely : Sta(«^, aj. ; Dynamics, aj, 

SM/T//.— Works by J. HAMBLIN SMITH, M.A, 
ELEMENTARY STATICS. Crown 8vo,, 3^. 
ELEMENTARY HYDROSTATICS. Crown 8vo., 3:r, 
KEY TO STATICS AND HYDROSTATICS. Crown 8vo,, 6s. 

TARLETON.—A^ INTRODUCTION TO THE MATHE- 
MATICAL THEORY OF ATTRACTION. Fty Franqs A. TarletoH, 
LL. D., Sc.D.^ Fellow of Trinity College, and Professor of Natural Philosophy 
in the University of Dublin, Crown 8vo., lOj. 6J 

TA KZOje.^Works by J, E. TAYLOR, M.A., B.Sc. (I^nd.). 
THEORETICAL MECHANICS, including Hydrostatics and 

Pneumatics. With 175 Diagra^ms and tllust rations, and 533 ExuminatioD 
Questions and Answers. Cfowti Svo.^ 21. 6d* 

THEORETICAL MECHANICS— SOLIDS. With 163 Illus- 

tmtions, t3o Worked Examples and over 500 Exaroples from Examuiation 
Papers^ etc. Crown Svo, , ar. 6tl^ 

THEORETICAL MECHANICS. -- FLUIDS. With 122 lUtis* 

trfttions, numerous Worked Examples, and about 500 Examples from Ejr- 
amination Papers, etc. Crown Svo. , ai. 6</, 

r^y (9^ iVrC? 7^.— THEORETICAL MECHANICS— SOLIDS, 

Including Kinematics. Statics and Kinetics. By Arthum TaoRSttJK, M.A., 
F.R,A^. With aoo Illustrations, 130 Worked Examples* and over 900 
Examples from Examination Papers, ti^ic. Crown Svo.. 4s. 6d, 




8 Scientific Works published by Longmans^ Green^ 6^ Co, 



MBCHANIC8. DYNAMICS, STATICS, HYDROSTATICS, ETC.- 

TWISDEN.—S^ or)^s by the Rev. JOHN F. TWISDEN, M.A. 
PRACTICAL MECHANICS; an Elementary Introduction to 

their Study. With 855 Exercises, and 184 Figures and Diagrams. Crown 
8vo., lor. 6d. 

THEORETICAL MECHANICS. With 172 Examples, 

numerous Elxercises, and 154 Diagrams. Crown 8vo., &r. 6d. 

WILLIAMSON.— miViODVCnO^ TO THE MATHE 

MATICAL THEORY OF THE STRESS AND STRAIN OF ELASTIC 
SOLID& By Benjamin Williamson, D.Sc.. F.R.S. Crown 8vo., 55. 

WILLIAMSON AND TARLETON—M^ ELEMENTARY 

TREATISE ON DYNAMICS. Containing Applications to Thermodynamics, 
with numerous Examples. By Benjamin Williamson. D.Sc.. F.R.S. . and 
Francis A. Tarleton, LL.U. Crown 8vo.. loj. 6<i. 

WOR TB-ING TON— DYI^AUICS OF ROTATION: an Ele- 
mentary Introduction to Rigid Dynamics. By A. M. Worthington. M.A.. 
F.R.S. CTOwn 8va, 4s. dd. 



OPTICS AND PHOTOGRAPHY. 

/^/^A^^r.— A TREATISE ON PHOTOGRAPHY. BySir William 

DK WlvKLKSLlK APNEY, K.C.B., F.R.S., Principal Assistant Scxretary of the 
Secondary Department of the Board of Kducaiion. With 115 Woodcuts. Fcp. 
8vo., y. 6t/. 

GLAZ.EBROOK,—VW\'^\Qk\. OPTICS. By R. T. Gl^ze- 

BROOK, M.A., F.R.S., Principal of UniN-ersily College. Liverpool. With 183 
Woodcuts of Apparatus, etc Fcp. 8vo. . 65. 

WRIGHT.— OFTlCAh PROJECTION : a Treatise on the Use 
of the lantern in Exhibition and Scientific Demonstration. By Lewis Wright, 
•Author of ' Light . a Course of Experimental Optics '. With 232 Illustrations. 
Crown 8va. 6s. 



SOUND, LIGHT, HEAT, AND THERMODYNAMICS. 

CCrMMIXG.— HEAT TREATED EXPERIMENTALLY By 

LlNN/f:us CuMNfiNG. M.A. With 192 Illustrations. Cro\vT3 8vo., 4J. 6d. 

Z>.4K.— NUMERICAL EXAMPLES IN HEAT. By R. E. 
Day. M.A. Fcp. Sv-o.. y. 61/. 



Sckntific W&rks pubiisked by L&ngmans, Gnen^ &* C<j. 9 
SOUND, LIQHT, HEAT, AND rME^^monYUAmiOB-eomHnm^ft. 

MMTAGE.—IAGWT. By W. T. A. Emtage, M,A. With 

aja niustr^tioos. Crown 3vO-, 6j. 

NELMBOLTZ.—0^ THE SENSATIONS OF TONE AS A 

PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By HfiR- 
Ukti'ti voia HHLMHOt.TsL Royal Bva . 38 j. 

MAnAN.-^A'H ELEMENTARY TEXTBOOK ON HEAT 

For the Use of Schools. By H. G. Mauan. M,A., FX.S,. Fellow of Queen's 
CoUegk?* Ojcford ; late Assistant Master at Eton Collt^e. Crown Bva, gj, 

MAX WELL. -THEORY OF HEAT, By J. Clerk Maxwell, 

MA,, F-ILSS., L. and E. Witb Corrections and Additions by Lord ftAv. 
LEIGH. With 38 Illustrations. Fcp. 8vo., 4J. 6*/. 

SMITN^-THK STUDY OF HEAT. By J. Hamblin Smith, 

M. A., of Gonville and Cains College, Cambridge. Crown Bvo., 3^, 

TVNDALL.^'Woxks by JOHN TYNDALL, D.CL., F.R.S> 
See p. 28, 

WORMELL.—K CLASS-BOOK OF THERMODYNAMICS. 
By RicHAftD W0RH£1X, B.Sc, M.A. Fcp. SvQ.i u. 6</. 

WRlGHT.^V^Qx\i% by NLARK R. WRIGHT, M,A. 

SOUND, LIGHT, AND HEAT. With i6o Diagrams and 

lUustraiions, Crown avo.^ ar, 6d'. 

ADVANCED HEAT. With 136 Diagrams and numerous 

Examples and Examinaiion Papers. Crown 8iro. . 4^. bd. 



STEAM, OIL, AND GAS ENGINES. 
BALE.—K HAND-BOOK FOR STEAM USERS; being RuLes 

for Engine Drivers and Boiler Attendants, with Notes on Steam Engine And 
Boiler Management and Sieam EtoiJet Explosions. By M- Powis BAL&, 
MLM.E.. A.M.LC.E. Fcp. Svo., ^. 6d. 

CLE/^A'.^THE GAS AND OH. ENGINE, By Dugald 

CulCRKt Associate Memlier of the Institution of Civil Engineers, Fellow of tlae 
Cbcroied Society, Member of the Hoyal Institution , Fdlow of the Institute of 
Patent Agents. With aaS ILlustration^. Svo., is^* 

HOLMES.— THE STEAM ENGINE, By George C- V. 

HoLMi':St Whit worth Scholar. Secretary of the Inslitytion of Naval Architects. 
With 912 Woodcuts. Fcp, 8vo,, 6j. 



lo ScknHfi£ ^rks fiuNisked by Lomgmmts^ Gretm^ &* C^. I 
WtEJim^ OIU AJID CSAe EMmHES^CkmHtmmi. 

NORRIS.—A PRACTICAL TREATISE ON THE *OTTO 

CYCLE GAS ENGINE. By WliXIAii Koiftts, M.Llile^E, UHb maj 

R/PPER.-\VoT\%hy WnXlAM RIPPER, Professor of Mechani- 
cal Engineering in the Sheffield Technical School 

STEAM* With 143 Illiistrations* Crown 8vo., 2x 6d, 

STEAM ENGINE THEORY AND PRACTICE, With 438 

Illustrations. Svo,, 9J. 

SENNMTTa^td ORAM.-^H^ MARINE STEAM ENGINE: 

A Trealise for Engineering Stu<l<?iits, Young Engineers and Officers of ihe 
Royal Navy and Mercantile Marine By the late Richard Sennett* 
Engineer-in-Cliicf erf the Nav}\ etc. \ aod He)«»Y J, Oram, Senior EngincieT 
Inspector ai the Adniimtty* Inspector of Mftchinefy in H.M Fleiet, elc. 
With 412 Diagrams. 8vo.. au. 

STROMEYER^^UKKm^ BOILER MANAGEMENT AND 

CONSTRUCTION. FJeing a 1 realise on Boiler Troables and Repaid, 
Corrosion . Fuels, and Heat, on ibe properties of Iron a,(id Steel, on Boils- 
Mechanieii, Workshop i'raciiccs. and Boiler Design. By C* E. STROJiRrEJ!, 
Member of ihe Institute of Naval Architects, etc. Svo. , iSj. net. 



BUILDING CONSTRUCTION. 

ADVANCED BUILDING CONSTRUCTION. By the Author 

of ' Rivingtons' Notes on Building Construction \ With 3185 tllusirations. 
Crown 8vo. , 4J. 6rf» 

^Wff^JPZZ.— BUILDING CONSTRUCTION. By Edward J. 

BURSF.LL, Second Master of thic People's Palace Technical School, London. 
With 305 Working Drawings, Crown Svo., af. 6rf* 

SEDDON.—^m\Ay¥.K^ WORK AND THE BUILDING 

TRADES, By CoL H. C. Seddon. R.E,, late Supcnntendin^ Enginesef, 
H.M/& Docltyard, Portsmouth; Ejtaminer in Building Const ruet ion. Science 
and Art Department, South Kensington. With ntimerous lllustratiotis^ 
Medium Svo. . i6j. 

mVIHGTONS' COURSE OF SUILOINC G0N8TRUCTI0N. 
NOTES ON BUILDING CONSTRUCTION. Arranged to 

meet the requirements of the syllabus of the Science and An Department of the 
Committee of Council on EducaLion, South Kensington. Medium Svo, 

Part L Elementary Stage. With 552 Woodcuts ^ los, 6d. 
Part II. Advanced Stage- With 479 Woodcuts, loj. td. 
Part II L Materials. Course for Honours. With 1S8 Wood- 

Part IV, Caiculations for Building Structures, Course for 

Honours With 597 Woodcuts . ty. 



Scientific Warks puMishcd by Longmans^ Green^ ^ Co. 1 1 



ELECTRICITY AND MAGNETISM. 

CAMUS'iVILSON.^K]^¥.CTKO-UYNAMlCS\ the Direct^ 
Ciirrent Motor* By ChaKles Ashley Carus-Wilson, M,A* Cantabw With 
71 Diagrams, and a Scn^s of Pfoblems< wilh Answers. Grown Svo,, 7^* 6d. 

C£/J/il//iV a— ELECTRICITY TREATED EXPERIMEN- 
TALLY, By Linn /FUS Cu m m ikg , M A. Wkb 24a I llustrations. Cr. 8vo. , 4^ , &i, 

Z?^K— EXERCISES IN ELECTRICAL AND MAGNETIC 

MEASUREMENTS. wiUi Answers. By R. E. DAT. lamo., 3^. hd. 

DU BO/S.—THE MAGNETIC CIRCUIT IN THEORY 

AND PRACTICE. By Dr. H. Dv Bois, Translaied by E. Atkinson. 
Ph,D, With 94 IJlusiraliotis. 8vo.. laj. net. 

^^^i?7:^MAGNETIC FIELDS OF FORCE, By H. Ebert. 

Wilh 93 lllufi rations, Bvo., laf. 6d, net, 

GOJ?£,— THE ART OF ELECTRO-METALLURGY, including 

all known Processes of ElectroTJeposition. By G, Gore, LL.D., KR.S. With 
56 Woodcuts, Fcp. 8vo, , 6s. 

^^iVZ>^i?A^W:--\VorksbyJOHNHENDERSON,D.Sc,,RR.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 

159 llIti£trations and Diagrams. Crown 8vo.^ 6d. 6tf, 

PRELLMINARY PRACTICAL MAGNETISM AND ELEC- 

TRICITY: A Text- book for Organispd Science Schoob and Elementary 
Evening ^ience Schools. Crown Svo,, u, 

y£:iVjr/iV:— ELECTRICITY AND MAGNETISM, By Fleeming 

jENitiN, b\ R,S.S., U and E., M.IX,E. Wilb 177 IlliisiratiDiis. Fcp, 8vo., jj. 6d. 

/£?r/^i?jer.— ELEMENTARY TREATISE ON ELECl RICITY 

AND MAGNETISM. By G, C. Foster. KR.S,. and E. Atkinson. Ph.D. 
With 381 III ustrai ions. Crown 8vo., 71, 6d, 

/OVCE. ^EXAMPLES IN ELECTRICAL ENGINEERING. 
By Samuel Joyce, A.I.E.E1. Crown 8vo., 5J. 

Z^i?Z>£'iV:— ELECTRICITY FOR PUBLIC SCHOOLS AND 

COLLEGES. By W. Larden, M.A. With 215 Illustrations. Cr. 8vo..6j. 

il/^i?^//7£Zi?.--MAGNETISM AND DEVIATION OF THE 

COMPASS. By John Mehrifjeld, LLD., F.R,.V.S,, iSmo.. ai. tJ. 

/'OrSiSj?.— Works by A. \Y POYSER. MA. 

MAGNETISM AND ELECTRICITY* With 235 lUusirations. 

Crown 8vo- , ^. 64/. 

ADVANCED ELECTRICITY AND MAGNETISM, With 

517 Illustrations* Crown Bvo. , 4J< 6</, 

SLINGO AND BROOKER.—\VozV% by W. SLINGO and A. 
BROOKER. 
ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 

A RT 1 S A NS AN D ST U D E NTS. W it h 3 59 1 1 1 iisirations. Crown Svo. , i isj. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY 

ELECTklClTV AND MAGNEl ISM, Wilh 67 Ulusirationa, Cr. 8vo.,aj. 

J'KiW^ZZ.— \VorkFjbyJOHNTYNDALL,D,C.L,,F-R.S.S€€p.a8. 



1 3 Scim£ijk Works pubUshid by L&ngmam^ Grttm^ &* C^. 



TELEGRAPHY AND THE TELEPHONE. 
MOPA'/JVS\— THE TELEPHONE; Outlines of the Development 

of TransmiUiTs and Receivers. By WrixiAM J. Hoptcius, ProfesBpr ol Pht-sicf 
in tlie Drexel Institute, Phibdelphia ; Author of " Telephone Line* mad itior 
Propsi iea/ etc W ith 7 Fti 1 1 ■ page 1 1 1 ostralioris and 39 D(agTam& Crown fi vfit , 

PREECE AND S/FEWE/GNT.-TELEGKAVnY. By Sir W. 

H. Pau-KCK, KC.B. F.R.a* V, P. Inst,, C.E., eic. Enjjinecr-in -Chief a^nd Eke* 
tricijin, Poit Offifa: Telegraphs; and Sir J, Sivewkight, K.C\M.G.» Geneni 
Manager, South African Tdf^rapha. With 367 IlLuiiratiotis. Fcp. Svo.. 6i. 



ENGINEERING, STRENGTH OF MATERIALS* ETC. 
AJVD££SOM-'THE STRENGTH OF MATERIALS AND 

STRUCTURES i ihe Strength of Materials a* depending cm their tjnajity and 
as asceitflined by Testing Apparatus. By Sir J. AndeEson, C,E*. LL,D., 
F.R,S.E. With 66 Woodcuts. Fcp. 8vo., p. 6d. 

SAR/^K— RAILWAY APPLIANCES: a Description of Detaib 

of Railv^-ay Construction subsequent to the completion of the Earthworks and 
Strticiures. By Sir John WoJ.fk BAftRY, KX\B.. F R.S.* M.LCE, W^jth 
ai8 W^oodctiLB. Fcp* Svo., 41. 6*/. 

GOODMAN -UKCHAmCS APPLIED TO ENGINEERING. 

By JqKK Goodman, Wh.Sch. , A.M J.C. M* M, l,M,E., Professor of Jinginoering 
In the Yorkshire Col lege ^ I^eeds (Victoria University)* With 6ao II1ustration<& 
yind nunii^roos Kx.implea* t rown Bvo, » ys. 6d, net. 

ZO^. — A POCKET-BOOK FOR MECHANICAL EN- 
GINEERS. By Davji. Aklan 1^>w ^UTiitworth Scholar), M.I.Meeh.£,, 
l^rofRUor of Engiiwicfing. Ka^l Ijondon Technical College (t^ple*s Palace), 
London* With over looospcscially prepared tllustrations* Fcp, B\-o*^ giltedges^ 
rounded corners, js. ^t 

SJ//riy,"GRAPHlCS, or the Art of Calculation by Drawing 
Lines, applied especially to Mechanical Kngineering, By Rohilkt H. SiutTH^ 
Professor of Engineering, Mason College^ Birn^ingham, Pan 1* With 
separate Atlai^ of 29 Plat(» containing 97 Diap^ms. 8vo., i5Ji* 

STONE K— THE THEORY OF STRESSES IN GIRDERS 

AND SIMILAR STRUCTURES; with Practical Observftlkjns &a the 
Strength and other Properties of Materials, By BlNtx>N B. Stonky, LL,D*» 
F. R.S*. M.KCEL With 5 Plates and 143 lllust. in the Text, Royal ^VQ** 361* 

CWfF/iV*— Works by W CAWTHORNE UNWIN, F.R.S., B.S,C. 
THE TESTING OF MATERIALS OF CONSTRUCTION. 

A Text-book for the Engint?vring Laboratory and a L'ollcction of tJi«? Results 
of ExperJinenL.^ With 5 PlutL^ and t&8 llhislralions and Dii^graiiis in fhe 
Tcjfi. Svo*, ihf, net. 

ON THE DEVELOPMENT AND TRANSMISSION OF 

POWDER FROM CENTRAL STATIONS 1 beJng the Howard I^tiuts 
delivered at the Society of Arts in 1&93. With 8i Diagrams, avo., tos. net. 

**. 4 J?JP£A^.— ENGINEERING CONSTRUCTION IN IRON, 

STEEL. AND TIMBER. By William Henry Wakren. Challis Professor 
of Civil and Mechanical Engineering, Uaiver^ity of Sydney. W^ith 13 Folding 
Plates and 375 Diagmms. Royal Bvo, t6i. net. 



h 



Sdentific Works published by Longmam, Grtett^ ^ Co. ij 



LONGMANS' CIVIL ENGINEERING SERIES. 

Edited by the Author of ' Notes on Building Construction \ 

TIDAL RIVERS: their (i) Hydraulics, {2) Iniprovefnent, (3) 

Navigaiion, By W. H. Wheelkh. MJnsi.CEL Wkh 75 lUusirations. 
Modium 8vq. , i6j. net, 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C, 

COL-SON, MJhslCE^, Deputy Civil Engini!<T»in 'Chief, Admiralty. With 365 
I Husl rations. Medium 8vo., au, net. 

PRINCIPLES AND PRACTICE OP HARBOUR CON- 
STRUCTION. By William Shield, F.R.S.E., M.lnst,C.E., and Executive 
Engineer, Nalioiiar Harbour of Refuge, Peterhead* N.B, With 57 Olustr^'ions, 
Medium 8vo,. 15?. net. 

CALCULATIONS IN HYDRAULIC ENGINEERING: a 

Practical Text<Book fcir the itse of Students, Draughtsmen and Erigincefs. By , 
T. Claxton FfDt.ER, MJnstC.E.. Prof(?*sor 01 JZnginrermg. Ivniveriity ^ 
College, Ehiiidt.*e, 

Part L Fluid Pressure and the Calculation of its Effects in En- 
gineering Structure*. VVUh numerous IIEu.st rat ions and Exi.imple«. Svo., 
6/. 6f^. ncL 

RAILWAY CONSTRUCTION. By W. H. Mjlls, M.LCE., 

Engineer-in-Chief of ih(' Great Xorthem Railway of Ireland* With 516 ItlUft* 
tratiniis and Di^graims. Svo , iSi, net* 



NAVAL ARCHITECTURE, 
^rrfF^OZ?*—! EXT- BOOK OF THEORETICAL NAVAL 

ARCHITECTURE : it Manrnd for Students of Science Classes and Drawghls- 
men Engnged in Shipbuilders' luid Naval Architects' Drawing Offices. By 
Edwarh Lewis Attwckid, Assistant Constructor, Roya] Savy ; Merab^ of 
th*; Insiilution of Navid Architects* With 114 Diagnrms. CVoimi 8vo,, js. fuL 

WATSON.— ^WAL ARCHITECTURE : A Manual of Ikying- 

off Iron, Steel and Composite V€&s<c1s. By Tuomjvs H, Watson » l^ciufiT on 
Naval Architecture a tae Durham College of SciencTf Nii.^ cist leu pon-Tvne* 
With numerous lllusirattons. Royal Bvo.. %%s, net* 

MACHINE DRAWING AND DESIGN, 

ZC7PF.- Works by DAVID ALLAN LOW, Professor of Engineer 

ing, East London Technical College (People's Palace). 

IMPROVED DRAWING SCALES. 6d. in citse. 

AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN, With 153 lilustrations and Diagrams. Crown Svo, 2J, 61^. 

LOW AND BEVIS.—A MANUAL OK MACHINE DRAWING 

AND DESIGN. By Daviij Allan Low and ALi'REti William Bevis, 
M.I,Mech,E. With 700 intistmtiotis. 8vo.. 7J. 6tf. 

£W^/A^— THE ELEMENTS OF MACHINE DESIGN. By 

W. Cawthoknk Unvvin, KR.S. 
Part L General Principles, Fastenings, and l>anstnissjve 

Machinery. With 304 Diagrams, etc, Fcp. 8vo^, 6j* 

Part IL Chiefly on Engine Details. With 174 Woodcuts, 

Fcp. 8vo., 4J. hii. 



14 Saeniific Works puMished by Langmam^ Gften^ &* Ctf» 



WORKSHOP APPLIANCES, ETC. 
NORTHCOTT.-^IATHES AND TURNING, Simple, Mecha^ 

nical and Ornamental. By W. H. NoiTHCOTT. With 338 lUastmtioot* 

SHELLS y.—WOKyi^BOl? APPLIANCES, incliidmg Descrip- 
tions of some of the G«iuging and MeasuomR 1 ri5tnimetits« Hatitl-cutiing Tools, 
LAtbe^^ Drilling* Plancing, aud c>i1ict Machine Toob ii*«d by Engineersv By 
C» F". B. Shellley, M.IX-E. With an additional Chapter on Milling by R, 
R, Lister. With 323 Woodcuts. Fcp. Svo, , SJ. 



MINERALOGY, METALLURGY, ETC. 
BAUERMAM— Works by HILARY BAUERMAN, F.aS. 
SYSTEMATIC MINERALOGY. With 373 Woodcuts and 

Diagracns. Fcp, 8vo. , 6i» 

DESCRIPTIVE MINERALOGY. With 236 Woodcuts and 

Diagrams Fcp. Svo.« di. 

GORE.-THE ART OF ELECTROMETALLURGY, including 
all koov^n FroccsKft of Eleciro- Deposition. By G. Gome, LL.D,, F.R.Si 
With 5^ Woodcuts. Fcp, flvo, , 6j, 

MUNTINGTON AND MMILLAN. -METALS; their Properties 

aod Trealmcnt By A> K. KuKTtSGTOK. Profe^or of \Set^Uurgv in King:'s 
CollpgQ, Loodon, and W, G, M'Millan^ Lecturer cm Metallurgy io MasonTs 
CoU^e» Birmin;^lmrvi. With 12a lllu^tniions. Fcp. 8vo.. 7J. 6«/. 

ie^^^/?*--^METALLURGY, An Elementary Testt-Book, By 

E, C. RttEAD, t^€Ctuji&r on Metallurgy at the Municipsil TedLnkal School, 
Manchester. With 04 niustmiioiu. Fcp, 8vo. , 35. 6dl 

^i/JZ^K— THE STUDY OF ROCKS: an Elementary Text- 

hook of PctrotoBy, By F. Ruti-KY, F.G.S. With 6 Plates and m Woodcuts 
Fcp, Svo. , 41. 6tf. 



ASTRONOMY, NAVIGATION, ETa 
^^^Or/:— ELEMENTARY THEORY OF THE TIDES: 

the FundameRtaJi Theorems DenuDOStrBted without Mathenaatics and the In* 
fliience on the l^ength of the Day I^scuased. By T. K. AabiOTT, Et^D,, Fettow 
ftfjd Tulor, Trinity College, Dublin. Crov^Ti Svo., ai* 

BALL.— \\otk% by Sir ROBERT S, BALL, LL.D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Figures and Dia 

gnirn^ Fcp. avov » &r. 6rf, 

A CLASS-BOOK OF ASTRONOMY, With 41 Diagrams. 
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ASTRONOmV, NAVICATtON, ETC. -Oonimu^. 

DE CAMP/GiVEC'LLES. — OnSERYATlONS TAKEN AT 

DUMRAON, BEHAR, INDIA, during rhe Eclipse of the aaml January, 189S. 
by a Party of Jesuit Fathers of the Western Bengal Mission. By the Rev. V. 
DK CAMriGNEULLES, S J. With T4 PJates, 410, loj. 6f^, net, 

GILl.— TEXTBOOK ON NAVIGATION AND NAUTICAL 

ASTRONOMY. By J. Gh,I., F.R.A.S., l\l^ Hi^d Master of Ihe Liverpool 
Corporatioa Nautical College. 8vo. . loi. 6d, 

J7EJ^SCME£.-0VTLINES OF ASTRONOMY. By Sir JotiK 

F, W. HEksCHEL, Bart.. K.H.» etc. With 9 Plates and titimertJtis Diagrama, 
Sva, I3J. 

/OJ?DAM— ESSAYS IN ILLUSTRATION OF THE ACTION 

OF ASTRAL GRAVITATION IN NATURAL PHENOMENA. By 

WlLIJAM LeFGHTON JaWDAN. 

Z^ If ^ZZ.— MARS. By Percival Lowell, Fellow American 

Academy, Member Royal Asiatic Society, Great Britain and Ireland, etc. 
With 24 Plate. 8vo.. lar. 6</. 

ilf^j?77iV: -^NAVIGATION AND NAUTICAL ASTRONOMY, 

Compiled by Staff Com mander W. R. Martin, R.R Royal S*o-. i8j. 

MERRIFIELD,~A TREATISE ON NAVIGATION For 

the Use of Students. By J. MERRiFTELD, LL.D., F.R.AS,, F.M.a With 
Charts and Diagrams, Crown 3vd. , 5/ 

PARKMM.—mVMK^TS OF ASTRONOMY, With Ntimerous 

Examples and Examination Papers. By GEoftGE W, Parker, M.A, of 
Trinity College, Dublin. With 14 Dif&grattis. 8vo. , 5r. ^. net. 

If^^j?j9,— CELESTIAL OBJECTS FOR COMMON TELE* 

SCOPES. By the Rev, T. W. Weub, M.A., F.R.AS. Fifth Edition*' 
Revised and ^eatly Enlarged by the Rev. T. E. Esj'IN, M.A., F,R.A.R. (Tw© 
Vcd,tune&) Vol. I., with Portrait and a Reminiscence of the Author, a Plates^ 
and numerous Illustrations. Crown Svo.* 6s. Vol IL* with numerous UltistJTa- 
tion:s, Cro^Ti Svo. , 61. 6^. 



WORKS BY RICHARD A, PROCTOR. 

THE MOON : Her Motions, Aspect, Scenery, and Physical 
Condition, With many Plates and Charts, Wood Engravings, ^nd 3 Ltina^r 
Pbotographs. Crown 8vo. > jj. 6*/, 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the Light of Recent Scientific Researches, With 14 Illustrations; 
Map^ Chans, etc. Crown 8vo. , 3J. 6^/. 

OUR PLACE AMONG INFINITIES: a Series of Essays con- 

trasting our Little Abode in Space and Time with the Inanities around us. 
Crow*n 8vo., 3J» 6rf. 
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WORKS BY RICHARD A. PROCTOR-OoMiinued. 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 

y.6d. 
LIGHT SCIENCE FOR LEISURE HOURS : Familiar Essays 

OQ Scientific Subjects, Natural Phenomena, etc 3 vols. , crown 8vo. , 5;. each. 
Vol I. Cheap Edition. Crown 8vo., y. 6d. 

THE ORBS AROUND US ; Essays on the Moon and Planets, 

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8va , y. 6d, 

THE EXPANSE OF HEAVEN : Essays on the Wonders of the 

Firmament. Crown 8vo. , y. 6d. 

OTHER SUNS THAN OURS : a Series of Essays on Suns— Old, 

Young, and Dead. With other Science Gleanings. Two Essays on Whist, 
and Correspondence with Sir John Herschel. With 9 Star-Maps and Diagrams. 
Crown Svo. , y. 6d. 

HALF-HOURS WITH THE TELESCOPE: a Popular Guide 

to the Use of the Telescope as a means of Amusement and Instruction. With 
7 Plates. Fcp. Svo. , 2j. 6d. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and 

the Observatory, in Twelve Circular Maps (with Two Index-Plates). With an 
Introduction on the Study of the Stars. Illustrated by 9 Diagrams. Cr. 8vo., y. 

THE SOUTHERN SKIES: a Plain and Easy Guide to the 

Constellations of the Southern Hemisphere. Showing in 12 Maps the positioo 
of the principal Star-Groups night after night throughout the year. With an 
Introduction and a separate Explanation of each Map. True for every Year. 

HALF°HOURS WITH THE STARS : a Plain and Easy Guide 

to the Knowledge of the Constellations. Showing in 12 Maps the position of 
the principal Star-Groups night after night throughout the year. With Intro- 
duction and a separate Explanation of each Map. True for every Year. 
410. , y. 6d. 

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 

In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars, Nebula, etc. 
With 2 Index-Plates. Folio, 15^ 

THE STARS IN THEIR SEASONS: an Easy Guide to a 

Knowledge of the Star-Groups. In 12 Large Maps. Imperial 8vo., y. 

ROUGH WAYS MADE SMOOTH. Familiar Essays on 

Scientific Subjects. Crown 8vo., y. 6d. 

PLEASANT WAYS IN SCIENCE. Crown 8vo., 3^. 6d. 
NATURE STUDIES. By R. A. Proctor, Grant Allen, A. 

Wilson, T. Foster, and E Clodd. Crown 8vo., 3^. 6d. 

LEISURE READINCiS. By R. A. Proctor, E. Clodd, A. 

Wilson, T. F'oster, and A. (.;. Ranvard. Crown 8vo., y. (xi. 

PHYSIOGRAPHY^AND GEOLOGY. 

B//^D.— Works by CHARLES BIRD, B.A. 

ELEMENTARY (iEGLOGY. With Geological Map of the 

British Isles, and 247 Illustrations. Crown 8vo., 2j. 6</. 

ADVANCED GEOLOGY. A Manual for Students in Advanced 

Classes and for General Readers. With over 300 Illustrations, a Geological 
Map of the British Isles (coloured), and a set of Questions for Examination. 
vJrowii 8vo., 7s. 6d, 
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PHYSIOGBAPHY AND GEOLOGY Vr^nHtmrnf. 

GREEN,— lM\^\Q\i. GKOLOGY FOR STUDENTS AND 

GENERAL RKADERS. By A, H. Ghken, M.A., F.G.S. With 336 lUus- 
tmtions. 8vo»^ ai^* 

MORGAN, — ELEMENTARY PHYSIOGRAPHY. Treated 

Est peri raentally. By Alex. MoKGAtr* M.A., D.Stu. K R.S.Em i^ecmrer in 
\faiiiematic5 and Science. Church of Scotland Training College, Edinhurgh. 
With 4 Maps and 243 Diagrams. Crown 8vo., itr. (3d. 

THORNTON— \\'oTk% by J. THORNTON, MA 
ELEMENTARY PRACTICAL PHYSIOGRAPHY. 

Part L With 21^ Illustrations. Crown 8vo., 2$, bd. 
Part IL With yS Illustrations. Crown 8vo,, 25. 6d, 
ELEMENTARY PHYSIOGRAPHY: an Introduction to the 

Siudy of Nature. With 13 Maps and 3195 tUustrations. With Appendix on 
Astronomical tnsimment^ and Measurements. Crown 8vo,, air, 6d. 

ADVANCED PHYSIOGRAPHY. With 6 Maps and 203 
Illusirations. Crovin 8vo,, 4^^ 6d. 

NATURAL HISTORY AND GENERAL SCIENCE. 
BEDDARD.-^^IHE STRLCiURL AND CLASSIFICATION 

OF BIRDS. By FlANK F^ liKUPAHr^ M.A*, F.ItS , Prosector and Vice- 
Seerctwy of the Zoological Society of London. With as^ lUtiStrstionsL 8vo., 
au. net. 

/^C/RNEAUX.— Works b> WILLIAM FURNEAUX, F.R,G,S. 
THE OUTDOOR WORLD; or. The Young Collector's Hand- 
book. With ti Plates p f6 of which eu% coloured » and 549 llluatr^tionj in the 
Text. Crown Svo.* 6j. net* 

LIFE IN PONDS AND STREAMS. With S Coloured Plates 

nnd 331 niiistritions in the Text. Crown Svo.t &j. net, 
BUTTERFLIES AND MOTHS (British). With 12 Coloured 

Pkites and 241 Illustrations in the Text. Crown Bvo., 6j. net. 

^^/ZJ^OTV:— BRITISH BIRDS, By W. H. Hudson, C.M,Z.S. 

With 8 Coloured Plates from Ongin;tl DmWingi by A ThobbuRK^ and 8 P!at« 
and 100 Figures by C. E. LopGP., jind 3 Filuiirations from Photographs. 
Crown Svo, . 6jr. net. , 

iVANSEN. — THE NORWEGIAN NORTH POLAR EX- 
PEDITION, 1S93 (896: Scientific Results. Edited by FltM>TjOF N.ansen. 
Volume i. With 44 l^lates ;md ntimefous Illustrations in the TeJtt. Demy 
4to, 4CM* net. 
C(JWTKSiTf»: t, CciLts Akchlh: The Fram—z. L F, PoMrccMr The JuFi^Mic F«yiui of 
Cnpe Flard. Wiih m. Cieali>(^cQ] Sketch of Cftpe FiW* and tt« Neighbourhood by FRUiT|or 
KAN&isit— j^ A- G, Natmohst : Fobs il Plants from F^nz ii:mcf L^do— " "" ' 
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N*ifftEN: An Accounl of ihe Hirds—v Q. O. Sarse Crwatuce*. 

*,' The iitm ft} ihi^ Rfptyrt {uhick wilt be fftthhikiii in Kn^hih oniy) n itt f:iv£, in *t ieriti 0/ 
M€p9faH Mem/nrit ft compUit lUiomU of iht Siuiitihc He^uUi or ihe S^ittt'ti^mn i\it^t iixprti^iHm, 
i%n-tB$fii. The u'holt uofk is r^ifttt^^tnt tf* form hU t>r sijf Quarfo l^Qibmty^u'kiih it m kitpttt 
n^tu bt pHtiktJ iff tkfr coutru of uliout tu'o vmTi. 

STANLEY.— A. FAMILIAR HISTORY OF BIRDS, By E. 

STANLer* t}.D.» formerly Bishop of Norwich. With 160 I tl astral ions. ( >own 
ivo, jj. 6d. 
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MANUFACTURES, TECHNOLOGY, ETC. 
^^ZZ.^JACQUARI) WEAVING AND DESIGNING. By F, T- 

Bt:LL, Wiih 19^ Diagr.ints. Svo,, i3j, net. 

CAIDER, -XW'^ PREVENTION OF FACTORY ACCl- j 

IJENTS bcinj^ an Aecotint of Maniifacturing Itidxiitry and Acddeat, aod a 
Praciical Guide to the Law 00 the Safeguarding, Safe^workitu^ and S^chdoo- 
struction ol Factory Machinery, Plant and Premises. By JoHJf CAt-pER^ 
js^uicumi* Her Majesty's fnap«clor of Kactories for the Nonii of ScotUnd. 
With 30 Table* ^tid 1^4 I Uttstr,itions, t:rown 8vo., 71. 6^, net. 

LUFTON.—UIUI^^. An EIementar>* Treatise on the Getting 

of Minerals. By Arndlh Lupton, M. L C EL, F.G.S. , etc. With 596 Diagrams 
«ind rUustraUicimv Crowtj Svo,, 9J. net, 

MORRIS AND IP71A7NS0N.-~TUE ELEMENTS OF COT- 
TON SPINNING, By John Morkis and F.Wilkinson, With a Preface 
by Sir B. A. Do&scm. L,K, M.LM.E, With 169 Diagtams and lltusirationsL , 
Crown 0VO. ♦ fs, 6d, nei. 

5j¥^j?/*.-BICYCLES and TRICYCLES: an Elementary 

Trr.itise on iheir Design and Construction, With Examples und Tables. Br 
Akckibald ^harp, B,Sc With 565 Olustrations and Diagrajus. Cr 8vo., ly. 

TA VLOR.— COTTON WEAVING AND DESIGNING, By 

John T, TayijOR. Wilb 373 Diagrams. Crown Svo,, 7J, 6rf. net 

WATTS.— AN INTRODUCTORY MANUAL FOR SUGAR 

GROWERS. By FRANCIS WATTS, FX\S.. F.l.C. W^Uh ao ntustnttlons. 
(Town 8vo., 6j. 



HEALTH AND HYGIENE. 
ASHB K— H E A W H I N TH E N U RS E RY. By Henr v Ash bv» j 

M.D.* F.R.C.P, f Physician to the Miunchc&ter Childreo's Hospital, w^a 
Lecturer on the Disease of Children at the Qwens College. Wilh 25 
IlJtistratiotvs. Crown Bvo., jj. 6rf. 

BUCKTON.~\iEM.T}i IN THE HOUSE; Twenty five 

Lectures on Elementary Physiology. By Mrs. C\ M BucktON. With 41 
Woodcuts and Diai^ams. Crowti 8vo. . aj. 

CORFIELD.^THli. LAWS OF HEALTH, By W. H. Cor- 

FIELD, M.A,. M.D, Fcp> Svo.p I J. 6t/, 

NOTTER AND R/RTM.--WoTk^ by J. L, NOTTER, M.A.. M.D., 
and R. H. FIRTH, F.R.C.S, 

HYGIENK With 95 Illustrations. Crown 8vo., jj. 6d. 
PRACTICAL DOMESTIC HYCHENE, With 8j Illustrations. 
C^own Svo.p 2j. 6d. 

POORE^—V^'orks by GEORGE VIVIAN POORE, M.D. 
ESSAYS ON RURAL HYGIENE. Crown Svo,. 6s. 6d. 
THE DWELLING-HOUSE. With 36 Illustrations. Crown 

Svo. , jj, &/, 

WILSON.— h MANUAL OF HKALTH-SCIENCE: adapted 

for use in Schools and Colleges. By .Andrew W^ilson, F.R.SlE., F. L.S. , etc 
With 74 Ultisiraiions. Crown Svo.* aj. 6</. 
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MEDICINE AND SURGERY. 

ASHBY A^^D WEIGHT.— TH^ DISEASES OF CHILDREN, 

MEDICAL AiND 5URGICAU By Henrv AsHav. M.D., Utnd., F.RX.R, 
Physician to the General Hospital for Sick Children, Manchcater ; and G. A- 
Wright* B,A., M.B. Oxon., F.R.C.S., Eng. , A^isiatit'Surgedn to the Mao- 
ctwssicr Royal Infirmary, and Surgeon to ihe Children's HospittiL Enlarged 
and Improved Eciitichii. With %^ ILIu^irRiions, 3vo, » ^^. 

BENNETT.— V^otks by WILLIAM H. BENNETT, F.R.CS., 
Surgeon to St. George*s Hospital ; Member of the Board of 
Examiners, Royal College of Surgeons of England. 

CLINICAL LECTURES ON VARICOSE VEINS OF THE 

LOWER EXTREMITIES. With 3 Plates. Svo., 6j. 

ON VARICOCELE ; A PRACTICAL TREATISE, With 4 

Tables and a Diagram, flvo., 5J. 

CLINICAL LECTURES ON ABDOMINAL HERNIA: 

chiefly in relation to Treaiment. including the Radical Cure, With la Dia- 
grams in the Text. Svo. , Bj. 6^* 

ON VARIX, ITS CAUSES AND TREATMENT, WITH 

ESPECIAL REFERENCE TO THROMBOSIS: an Address delivered 
at the Itiaugural Meeting of the Nottin^huni Medico-Chinirgical Society, 
Session 1896-99, Svo,, 51. 6(1 

GENTLE K—k TEXT-BOOK OF ORGANIC MATERIA 

IrlEDICA. Comprising a Oescnption of the Vegetable and Animal Drugs of 
the British Pharmacopoeia, with some others in common use. Arrajnged 
Systematica] ly» and Especiallv Designed for Students. By RoiiE^KT Bentlsv^ 
M,R.C.S. Eng., F.I^S, With 63 IlltistrRtiotis on Wood. CiovmSm, 7^- ^^ 

BEODIE.--THE ESSENTIALS OF EXPERIMENTAL PHY- 

i^IOLOGY. For the Ust- of Studenis. By T. G. BRonm, M.D,. Lecturer on 
Physiology, St, Thomases Hospital Medical School. With a Plates and 177 
lliluistrations in the Text. Crown Bvo., 6s. 6tl 

CABOT— Works by RICHARD C. CABOT, M.D., Physician 

to Outpatients, Massachusetts General Hospital. 

A GUIDE TO THE CLINICAL EXAMINATION OF THE 

BLOOD FOR DIAGNOSTIC PLfRPOSES. With 3 Coloured Plates and 
aS Illustrations in the Text Svo,, t6s, 

THE SERUM DIAGNOSIS OF DISEASE. Wiih 31 Tempera- 
ture Charts and ^ Illustrations. Royal &vo>, 7J. 6«/. 



C^ZZ/^MALARIA, ACCORDING TO THE NEW RE- 
SEARCH Ei?. By ftof. AngeLO Cklli, Director of the Institute of Hyf^ne* 
University of Rome. Transbttcd from the Second i Lilian Edition bv JoHN 
JO&eCH Kyre, M.R.CP., UR.C.S. Ireland, D.P.H. Cambridge. With an 
Introduction by Dr. PATRICK Manm:in. Medical Adviser to the Colonial Office. 
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MEDICINE AND 8URQERY-a>M/#MMM/. 

CHEYNE AND BURGHARD.—k MANUAL OF SURGICAL 

TREATMENT. By W. Watson Cheyne, M.B., F.R.C.S.. F.R.S., Professor 
of Surgery in King's College, London, Surgeon to King's College Hospital, etc. ; 
and F. F. Burghard, M.D. and M.S., F.R.C.S., Teacher of Practical Surgery 
in King's College, London. Surgeon to King's College, Hospital (Lend.), etc. 

Part L The Treatment of General Surgical Diseases, including 

Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compli- 
cations. Infective Diseases and Tumours ; the Administration of Anaesthetics. 
With 66 Illustrations. Royal 8vo. , lor. 6^. {Ready. 

Part IL The Treatment of the Surgical Affections of the Tissues, 

including the Skin and Subcutaneous Tissues, the Xails, the Lymphatic 
Vessels and Glands, the Fascia?, Bursae, Muscles, Tendons and Tendon- 
sheaths. Nerves, .Arteries and Veins. Deformities. With 141 Illustrations. 
Royal 8 vo., 145. \Ready. 

Part in. The Treatment of the Surgical Affections of the Bones. 

Amputations. With 100 Illustrations. Royal Bvo., i2j. 
* ^ Other Parts an- in preparation. 

CLARKE.— Works by J. JACKSON CLARKE, M.B. Lond.. 
F.R.C.S., Assistant Surgeon at the North-west London and 
City Orthopaedic Hospitals, etc. 

SURGICAL PATHOLOGY AND PRINCIPLES. With 194 

Illustrations. Crown Bvo. , 105. 6if. 

POST-MORTEM EXAMINATIONS IN MEDICO-LEGAL 

AND ORDINARY CASh:S. With Special Chapters on the I^gal Aspects 
of Post-mortems, and on Certificates of Death. Fcp. 8vo. , 2s. 6d. 

COATS.— \ MANUAL OF PATHOLOGY. By Joseph 

COAT^. M.D. , late Professor of Pathology in the University of Glasgow. 
Fourth Pxlilion. Revised throughout and Edited by Lkvvis R. Slthkrland, 
Ml).. Profe«isor of Paiholog>-. I'niversily of St. .\ndrews. With 490 Illustra- 
tions. 8vo.. 31. f. 6./. 

C(9(9A'i^.— Works by THOMAS COOK, F.R.C.S. Eng., B.A., B.Sc, 
M.D., Paris. 

TABLETS OF ANA TOMY. Being a Synopsis of Demonstra- 
tions given in the Westnunsier Hospital Medical School. Eleventh Edition 
in Three Parts, thoroughly brought up to dale, and with over 700 Illustra- 
tions fronj all the best Sources, British and Foreign. Post 4to. 

Part I. The Bones, "js. 6d. net. 

Part 11. Limbs, Abdomen, Pelvis. \os. 6d, net. 

Part ni. Head and Neck, Thorax, Brain, icy. 6d. net. 

APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including 100 Typical viva xivr (Questions on Surface Marking, 
etc. Crown 8vo., y. td. 

DISSECTION GUIDES. Aiming at Extending and Facilitating 

such Practical work in Anatomy as will be specially useful in connection with 
an ordinary Hospital Curriculum. 8vo. , icj. 6</. 
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MEDICINE AND BUHGBR'i-i'ofaimteiL 

DAKIN,—h HANDBOOK OF MIDWIFERY. By William 

RAi>mRD Dakin* M.D., F.R.CP., Ohsteiric Physiciaji and Lecturo' o<n 
Midwifery dt Si. George's Hospital, eic. With 394 III usirat ions. 1.*rge 
crown Svo., i8j. 

DICKINSON:— WQrk% by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.CP, 
ON RENAL AND URINARY AFFECTIONS. With m 

Plates and loa Woodcuts, Tbree Parts, 8vo., £1 45, 6d^ 

THE TONGUE AS AN INDICATIOlSf OF DISEASE; 

beifig the Lumleia^n Lectures dt^livered March, iSSS. Svo,, ji. 6d. 
OCCASIONAL PAPERS ON MEDICAL SUBJECTS. 1855- 

MEDICINE OLD AND NEW. An Address Delivered on 

the Occasion of the Opening of the Winter Session, 1S99-1900, at Sl Oec»fgt^'s 
Hospital Medieai i^chool, on and October. 1899. Crown flvo,, a*. 6*/. 

DUCKlVORIff.—Wotk^ by SrR DYCE DUCKWORTH, UAK 
LL.D-i Fellow and Treasurer of the Royal College of Phy- 
sicians» etc, 
THE SEQUELS OF DISEASE ; being the Lumieiati Lectures, 

THE INFLUENCE OF CHARACTER AND RIGHT 

JULJGMENT IN MEDICINE: the Harveian Omtion. 1898. Post 4^0. 
aj. 6d. 

EBICHSEN—Tn% SCIENCE AND ART OF SURGERY; 

B. Treatise on Surgical Injuries, Diseases * and Operations. By Sir John Eric 
Ekichsen, Bart., RR.S.. l.L. D. Edin.. Hon. M.Ch. and F-RX.S. Irdand, 
Illustrated by nearly tooo Engravings on Wood» s. vols. Royal Sva^ 48.^. 

FOWLER AND GODLEE.— THE DISEASES OF THE 

L IJ N GS. By J A M ES K i ngston Fo vv leU , M . A. , M.D.. F. R. C. P. , P hy sjciwi 
to the Middlesex Hospital and to the Hospital for Consumption and Di&eaaes 
of the Chest, Brompion^ etc. ; and RicKMAW H>KN Godlke, M.S., F»(tC.S., 
Fellow and Professor of Chnical Surgery, University crollegc, London, etc ; 
With 160 tl lustrations. 8vo., 351. 

GARROD.—\\oTk^ by Sir ALFRED BARING GARROD, 
M.D., F.R.S., etc, 
A TREATISE ON GOUT AND RHEUMATIC GOUT 

^RHEUMATOID ARIHRlTiS}. With 6 Plates, comprising 21 FigUPa 
1 14 Coloured K and 27 Illustrations cngravcsd on Wood, flvo., 21,^. 

THE ESSENTIALS OF MATERIA MEDICA AND THERA- 

PE UTICa Crown 8™. , lai . 6rf. 

GOODSALL ANji il//Z^5.— DISEASES OF THE ANUS AND 

RECTUM^ by D. H* GoodsAU,, F.R.C.S., Senior Surgeon, Metropolitan 
Hospital \ Senior Surgeon (late Houi« Surgeon J, St. Mark's Hospital ^ and 
W, EHNEJiT Miles, F,R.CS.> .^s^istant Surgeon lo the Cancer Hospital, 
Assistant Surgeon to the Gordon Hospital, etc. With lUUsStrations. In Two 
Parts. 
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MEDICINE AND SURGERY— £b#«//ii»rasr. 

■ GRA F.— ANATOMY, DESCRIPTIVE AND SURGICAL, Bj 

flRjHar GliAT> F.FtS., Uite Ijsctur^ on Anatomy at St George's Hosptta]. 
Tbe Fourteenth Edit ton, rev«diicd by T. Pickkrino Pick, sSrgeon to St 
George's Hospital, tnspector of Anatoimy in England a£id Wales, hue Vfember 
of the Court of Eitamtners, Royal Coltefie of Surgeons of EngUwL With 705 
Large Woodcu-l IJliiitrations, n laret proportion of which arc Coloursd, tbe 
Artsriis being colouri^d red* the Veins blue, aad the Nerves ycElow, Tbe 
ftttachmertts Sf the musettes 10 the boines, ia ibe section on Osteology « tax also 
shown in coloured outline. Royal ivo. , 3&t. 

' HALL/BURTON,— "Woiks by W. D. HALLIBURTON, M.D., 
K*R.S,, i^R.C.P., Professor of Physiology in Kings College, 
London. 
A TEXT BOOK OF CHEMICAL PHYSIOLOGV AND 

PATHOLOGY. With 104 r llustrations. 8vo.. sSj. 

ESSENTIALS OF CHEMICAL PHYSIOLOGY. Vfnh 77 

ILIustititions. Bvo., p, 

LANG,— THE METHODICAL EXAMINATION OF THE 

EVE. Being Pan I- of a Guidi? to the Practice of Ophthalmology for Scitdjents 
and Practiiioncri. By Willi AM Lang, F,R.C\S. Eng., Surgeon to the Royal 
London Ophthalmic Hospital, Moorfields, etc. With 15 Illustrations. 
Crown 8vo„ 3J. td 

I-/F£/iVG.— HANDBOOK ON DISEASES OF THE SKIN. 

With especial fcfcrence to Diagposii arfd Tre.iinicnt, By Rubikt Liveing, 
MA. and M,D., Cantab, » F, RCP. Lend., etc., Physician to the Departmem. 
for DiseaMs of ih« Skin :it the Middlesex Hospital, etc. Fcp. avo,« y. 

UW^/:— TEXT BOOK OF FORENSIC MEDICINE AND 

TOXICOLOGY. By ARTHUR P- Luff, M.D., B.Sc. (Lond.), Physician 
in Charge of Out- Patients iind Lecturer on Medical JttmprtKtence and 
Toxicology in Sl Mary's Hospital. With 13 fullpage Plates (t tn ootoun) and 
33 Oliutrations in iheText. 3 vols* Crown 8vo.* 34J. 

YN EW M A N.—O^ THE DISEASES OF THE KIDNEY 

AMENABLE TO SURGICAL TREATMENT. Lectures to Praclitionenu 
By David N^WMANt M.D,, Surgeon to the Western Infirtmary Out-Door 
EtepftrtiDeni ; Pathologist nnd l^ecturer on Pathology at the Glasgow Royal 
Inffrmaryr EJCAminer in Pathology in the Univeisity of Glasgow; Vice- 
Prisident, Glasgow l^tholoj^cal and Clinical Society. 8vo.« 8yF. 

/YC^.— SURGERY ; a Treatise for Students and PracUtioners. 

By T. PtrKtiKtNr* Pick, Consulting Surgeon to Sl George's Hospital ; Senior 
Surgeon lo Ihc Vicioria Hospital for Children ; H.M* Inspector of Anatomy in 
England and Wales. With 441 II lust nations. Medium Svo., asj* 

^POOLB,— COOKERY FOR THE DIABETIC, By W. H, and 

Mr*, PotjLfc. With Prdacts by Or. Paw. Fcap. Svo., 2J» 6*/* 

\qVAIN.^A DICTIONARY OF MEDICINE; Including 

General Pathology ^ General Therapeutics, Hygiene^ and the Disease of 
Women and Children. Bv Various Writers* Edited by Rtt:HARI> QtJAIN, 
Ban., M.D. l-cmd.. LL.D. Edin. (Hon,) F,R.S,. Physician Extraordinary to 
H.M. the Queen ^ etc. Assisted by FKEptERiCK Thomas RobEHTS, M.D. Lond*, 
B.Sc.j Fdiow of thr Royal Coll^u of Ph)-Sii,ian r el low of University College 
etc, ; and J, Mi'ichkll Beucjl, MA. Abdn., M. D. Lond., Fellow of the Royal 
College of Physicians of London, etc, a VolSi. Medium Svo,, 40J, net. 
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MEDICINE AND SURGERY- a»'i/f»«^#^. 

QUAIN,^Q\JAIWS (JONES) ELEMENTS OF ANATOMY 

The Tenth Edition. Edited by E d w ar d A L Bi HT SCH A FEU , F . R . S. . Pro f^^sor 
of Physiology in ihe University of Edinburgh \ ajid GmORGE Danceh Tha?«£, 
Professor of Anatomy in L'niversily Ci^llege, London. 
*^*The several parts of this work form COMPLETE Text-books of their re- 
SPlCmVE SUBJECTS. 



Vol. I.. Part L EMBRVOLOGY, 
By E. A. SCHAFER, F;R.S. Wiiia 
aoo Illustralions. Royal 8vo., of. 

Vol. U Part 11. GENERAL ANA- 
TOMY OR HISTOLOGY. By E. 
A, SchXfeb. F.R.S. With 291 
Illust nations. Royal 8vo., 121, td. 

Vol. IL, Part I. OSTEOLOGY-- 
AKTHROLOGY. ByG. D-ThA^e. 
With 224 111 us. Royal Bvo., it/. 

VOU. IT, PART U. MYOLOGY— 
ANGEIOLOGY. ByG.D. ThAnE. 
With 199 Itlustrations. Royal 8vo, , 
i6s. 

Vol. UL. Part L THE SPINAL 
CORD AND BRAIN. By E. A, 
SCKAFER. F,R.S. With T39 Illus- 
emtions. Royal Svo.. tu. 6r/. 



Vol.. III., PART IK THE NERVES. 
By G. D. Thane. With loa 
Illustrations. Royal Svo.* 9^. 

Vol. UL. Part IIL THE ORGANS 
OF THE SENSES. By E. A. 
SCHkFER, F.R.S, With 178 lUus- 
tr.^iions. Royal Svo.h 9*. 

V01-. II L, Part IV. SPLANCH* 
NOLOGV. By E. X. Schafeb. 
F*R.S ,and Johnson Symington, 
M. D. With 337 lliusiraiions. Royal 
Svo., 161. 

Al-PEKDix. SUPERFICUL AND 
SURGICAL ANATOMY. By 
Professor G. D. Thane and Pro- 
fessor R. J, GODLEE, M.S. Wiib 
39 Illustrations, Royal Svo., 6j» 6c/. 



i;CH^F£/?.— THE ESSENTIALS OF HISTOLOGY. Descrip< 

tive and E^mi^Lical. For the Use of Students. By E. A. SchXfek^ F.R.S., 
Professor of Physiology in the University of Edinburgh ; Editor of the Histo- 
logic! Portioo of Qimih's ' Anatomy '. Illustrated by nearly 400 Figures. Fifth 
Edition, Revised and Enljirgefi Bvo., 85. ( I oier leaved* lor. 6</. ) 

5CH£NA'.— MANUAL OF BACTERIOLOGY. For Practi- 
tioners and Students. With especial reference to Practical Mfihods, B^ Dr. 
S. L. Schenk, Professor (Extraordinary) sn the University of Vienna. Ti^ns- 
lated from the German, with an Appendix, by W. R. Dawson, BA,, M.D., 
Univ. Dub. ; late University Travelling Priieman in Medicine- Witb 100 
Illustrations, some of which are coloured. Svo. , joj. net. 

SMALE A.VD COLYER. DISEASES AND INJURIES OF 

THE TEETH, including Pathology and Treatment i a Manual of Practical 
Dentistry for Students and Priictitj oners. By MukTON SmalEj M.R.CS,, 
L,S.A., L.D.S. , Dental Surgeon to St. MarvV Hospital, Dei n of the School, 
Dental Hospital of London, etc.; and J. f. ColYer, L,R,C.P„ M.R.C.S., 
L~D.8.^ Assuitant Dental Surgeon to Charing Cross Hospital, and Assistant 
Dental Surgeon to the Dental Hospicsl of Ix>ndon. With 334 Illustration*. 
Large crown 8vo.* 15J. 

SMITH {H. R). THE HANDBOOK FOR MIDWIVES, By 

Hen MY Flv Smith, B.A. , M.B. Oxon.* M.R.C.S. 41 Woodcms> Cr. Svo.. s#, 
STEVENSOM—WOUmyS IN WAR: the Mechanism of iheir 

Pioduction and iheir Treatment. Bv Surgeon- Colonel W. F. Steyensow 
(Army Medical Staff), A.B,, M.B., M.Ch, Dublin University, Professor of 
M i I i tary Surgery , Army Med ical School , N etley . W i th 86 I Uustrat ions. Svo. , i Sj,. 

TAPPEINER. — INTRODUCTION TO CHEMICAL 

METHODS OF CLINICAL DIAGNOSIS. By Dr. H. Tappeinkr. 
Professor of Pharmacology and Principal of the Pharmacological Institute of 
the U n i versity of M un ich. Translated by E d4jon [3 J . Mc Wek N e r , M . A. , M. D. 
{Royal Univ, of Ireland)^ L.R.C.P.L, etc Crow^n 8vo,. ^. 6d. 
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MEDICINE AND SURCEHV-O/M/mw^^. 

fr/ie^jVZ?.— DIPHTHERIA AND ANTITOXIN. By Nestor 

Ti II AMI I. M.D I^nd., F^Wov, of the RoyaJ CQllcge of Physician* ; Fdlow of 
King's College, l^ndon ; Professor of Materia M^ica and Tfaonpeiitics al 
Kitig'^ College : F^hysician to King s Collegt Hospiul ; aod Senior Pfaysicvui 
to Ihe Ev^Uiu Hospital for Sick Children^ 8vo., js. bd, 

WALlEJ<,—\\oTk% by AUGUSTUS D. WALLER, MD,, 
lecturer on Physiology at St. Maiy^s Hospital Medical School, 
London ; Ute External Examiner at the Victorian University* 
AN INTRODUCTION TO HUMAN FHVSIOLOGY, Thiid 

Edition^ Keviied. Wilh 314 IJlutlmtiotis. Svo,, i&j. 

LECTURES ON PHYSIOLOGY. Kim Series. On Animal 

Electricity, 8vo., 51. net 

EXERCISES IN PRACTICAL PHYSIOLOGY- Part L 

Elementary Physiological Cbemiiiri^ By Augusttjs D, WALt,&l and W, 
LEfiGfc SyMF-S. 8vo.» u, net. Part II. in tliif press. Part IIL Physiology 
Of ih* Ner\'oiis System ; Electro- Physiology. 8vo. , aj, ^, nei* 

WEICHSELBA UM.—TUK ELEMENTS OF PATHOLOGI- 
CAL HISTOLOGY, With Special Reference to Practical Methods, By Dr. 
AwiXiN Wkjchsklbaum, Professor of Pathology in the Univereiiy of Vienna* 
Transliitc?d by W- fi, DawsON. M,D. (Dub.K Demonstrator of Pathology m 
the koyal College of Surgeons, Ireland* latr M<Kiicai Travelling Priteman of 
Du Win University, etc. With mi Fig\jrea, piinly in ColourSt a Chroroo-litho- 
gmphic Plate* .ind 7 Photographic Plates. Royal Bvo.* 215. net, 

hVILKS AND J/0^(9iV:^ LECTURES ON PATHOLOGICAL 

ANATOMY. By Sir Samuel Wii.ks. Rirt,, M.D., F.R.Sv, President of the 
Royal College of Pbysici*iivs. and Physic Ielh Ejc tniordinary to H. M. the t^cen^ and 
the late WALTER Moxon, M. D., F. RX-P., PhysiL'ian to, and some tiitie Lectttrer 
on Pathology at, Guy's Hospital. Thinl tLdition. thoroughly Revised. By 
isir Samuel Wilks, Barl.. M.D,. LL-D*. F.R.S. 8vo., iSj, 



VETERINARY MEDICINE, ETC, 

; STEEL,— \XoxV% by JOHN HENRY STEEL, RR.C.V.S., F-Z.S,, 
A.VJ),» bte Professor of Veterinary Science and Principal of 
Bombay Veierinary College. 
A TREATISE ON THE DISEASES OF THE DOG; being 

a Manua.1 of Canine Pathology. Especially adapted for the use of Velerin^ry 
Practitioners and Students. With SB lUtistrations, 8vo, , loj td, 

A TREATISE ON THE DISEASES OF THE OX ; being a 

Manual of Bov^ine Pathology. Especially adaptt^ for the use of Vi^tenoary 
Practitioners and Stttdents. With s Plates and 1 17 Woodcuts, fivo. 151. 

A TREATISE ON THE DISEASES OF THE SHEEP ; being 

a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate and 99 Woodcuts, flvo,, lai. 

OUTLINES OF EQUINE ANATOMY; a Manual for the use 
of Vctcrinfln' Students in iht* Dissisciing Room, Crown Svo,, js* 6rf. 

\jFITZWyGEAAr—\\OKS^S AND STABLES. By Major^ 

General Sir F. Fit/wvgram, Bart. With 56 pages of PliLstrations. 8vo. , 
a/, 6rf. net. 




VETERINARY MEDICINE, BTC.-CoHiittttefi. 

SC//J?£/J\r£J^.—THZ .VNGOR.\ GOAT, By S. C, Cron- 

w RIGHT StkreikeX. With a6 H lustrations. 8vo., jcu. 6d. 

' STOjVEIfENGS:— THE DOG IN HEALTH AND DIS- 
EASE. Bv * StonkhkNge', With 78 Wood Engravings, 8vo,. js. 6ti. 
VOt/A rr.-^W orks by WILLIAM VOUATT. 

THE HORSE. With 52 Wood Engravings, 8vo., 74-. 6^. 

THE DOG. Wkh S3 Wood Engravings, Svo . 6s. 



PHYSIOLOGY, BIOLOGY, BACTERIOLOGY, AND 
ZOOLOGY. 

(AndKCC MEDICINE AND SURGERY.} 

JS//By,—NOTES ON PHYSIOLOGY FOR THE USE OF 

STUDENTS PREPARING FOR EXAMINATION. By Henhv Ashwv 
M.D. Lond,, F.R.C.P., Physiciaji to the Gcneml HospitaJ (or Sick Children, 
Manchester; formerly Demonstrator of Physiology ^ Liverjiool School of 
Medidne. With 148 lUtistrations. iSroo,^ v- 

SA J? JVETT.— THE MAKING OF THE BODY : a Children's 

Book on Anatomy and Physiology. By Mrs. S. A, BARNrrr. WJlb 113 iilds- 
traiions^ Crown Svo. , u. 9^, 

BEnnA^D.—WoxkE bv FRANK E. BEDDARD, M.A. Oxon. 
ELEMENTARY PRACTICAL ZOOLOGY. With 93 Illusira 

tions. Crown 8vo., 2J. 6d. 

THE STRUCTURE AND CLASSIFICATION OF BIRDS, 

With 252 II I us I rations. Svo.^ iiJ. net* 

£IDGOOD.—k COURSE OF PRACTICAL ELEMENTARY 

BIOLOGY. By John Bidgooo, B-Sc., FX,S. With 236 I llustraticms. 
Crown 8vo. , 4J. bd^ 

^^^K— PHYSIOLOGY AND THE LAWS OF HEALTH, in 

ELisy Lessons for Schools. By Mt^, Charles Bhav. Fcp. 8vo., u. 

B ROD I E.^THE ESSENTIALS OF EXPERIMENTAL 

PHYSIOLOGY. For the I se of Studenis* By T, G. Brodie, M.D. , Lecturer 
on Physiology, St. Hiomai's Hospital Medical School With a Platei and 177 
lllustrattons in the Text. Crown avo.» 6j. 6rf. 

/lie^A^A'Z.^ArZ?.— MICROORGANISMS IN WATER. To* 

guther with an Aocounl of the Bacteriological Methods involved in their 
Imvestigation, Spcscially designed for the use of tho^ connt?cted with ttie 
Sanitary Aspects of W Ver-Supply. By Percy Fkankland, PJxD,, ESc 
(Lond.), F. R.S., and Mrs. PkRCV FraptklaND* With 2 Rfttes and Nitmcroui 
Diagrams, Svo,, 161. net. 

/^^/j^jY^^Z/A^— HUMAN PHYSIOLOGY, By W. Furneaux. 

F R G.S. With 318 tUiiStrations. Crown Bvo., a.^. hd. 

HUDSON AND GOSSE.~THE ROTIFERA, or * WHEEL- 

ANIMACULES*. By C. T, Hudson. LL.D.. and P. H. Gosse. F,R,S. 
With 30 Coloured .lud 4 Cncoloured Plates. In 6 Piirts, 410., loi. 6rf. e«ch* 
Supplettient isj. fui. Complete in a vols,, with Sttppleioent. 4I0, ♦ ^4 41, 

Z^raf-^AW.^NOTES ON MICRO-ORGANISMS PATHO» 

GENIC TO XfAN. By Surgeon-Captain B. H* S* Lcumann, M,S,, Indian 
Medical Service^ Svo, , 3J, 
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PHYSIOLOGY, BIOLOGY. BACTERIOLOGY* AND ZOOLOGY- «^km#. 

lMACAlISTER.-\\otV% bv ALEXANDER MACAUSTER, 
AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY 

AND MORPHOLOGY OF VERTEBRATE ANlXfAl^. With 41 
Diiigrams Svo., icw, 6d, 

ZOOLOGY OF THE INVERTEBRATE ANIMALS, With 

59 Diagrams. Fcp. Bvo., u, 6if. 

ZOOLOGY OF THE VERTEBRATE ANIMALS, With 77 

DtAgrams, Fep. Bvo. , a, M. 

jlf£?0^ii.— ELEMENTARY PHYSIOLOGY. By Benjamin 

MfX»«E, M,A*, Lecturer oti Pbysicilo^* at the Charmg Cross Hospital Mcdicat 
School With 135 llluitratiofii, Crgwn Bvo., 3J. 6«/. 

MORGAN.-^AmUM. BIOLOGY r an Elementary Text- Book, 

By C. LijOTfD MORGAK, F.R.S., Principal of UiuTcrsny Coll^e< BrtiloL With 
t03 Illustrations. Crown Svo.. &r. 6d. 

SCHENK.-^MA^Vkh OF BACTERIOLOGY, for Practitioners 

and Students . with Especial Reference to Practical Methods. By Dr. S, L, 
SCHK>?K» With loo lUusirations, some Coloored. 8vo., loj. net.' 

JNORNTON.—HViUAN PHYSIOLOGY. By John Thohntom, 
M.A. \Vi£h 367 Hlust rat ions, socae Coloured. Crown Svo^, 6j. 



AiTKEN. 

By Edith 



BOTANY AND GARDENING. 
ELEMENTARY TEXT-BOOK OF BOTANY. 

AiTKEN. late Scholar of Girton College, With 400 Duigmnu. 
CrowTi &VO. y 4J. 6^. 

BENNETT AND .If £/j?j^.4 K— HANDBOOK OF CRYPTO- 
GAM tc BOTANY* By Alfred W. BtNNtTT, M» A, . B-Sc- , F.L,S. , Leeturer 
on Botany ai St. Thomsts's Hospital ; and George Mt^RltAV, FX,S,* Keep^ 
of Botany/Biitish Museum. Wirb 378 lllusiraiions. Svo.. i&r* 

\CROSS AND ^^r^. v.— CELLULOSE: an Outline of the 

Chemistry of the Structtiml Elements of Plants. Witb Reference to iheir 
Natural History and lodustrial Uses* By Cross and Bevan (C* F. Cmss, E. 
J* Bevnn, and C. Beadle}. With 14 Plates, Crowa Svo*, tax. act* 

CURTIS,— X TEXT-BOOK OF GENERAL BOTANY, By 

Cajilton C. Cvrtis, ,^M.. Ph*D., Tutor io BotAny in Columbia Univemty» 
C^SLA* With 87 ttlustrations, dvo. t i^* ttet. 

TABLE V.—TllE FLORA OF CHESHIRE. By the kte 

Lord de Tablev (Hon, }. Bvrke LsicTfcsTtR Warren. M.A.|. Edttcxl bf 
Spknces Mcjork. With a Biographical Krrti<* of the Auibor by Sir Moukt- 
STUART GftAKT Di;ff. Willi A M^p of Cheshire and a Pliotogravure PortraiL 
Crown 8vo., fof. 6^. net, 

EDMONDS.— \\'mk% by HENRY EDMONDS, B.Sc.» London. 

ELEMENTARY BOTANY. With J4^ Illustrations, Cr 8vo^2J.W. 

BOTANY FOR BEGINNERS. \Yiih 85 lUustmioiis, Fcp. 

'ARMER,—A PRACTICAL INTRODUCIION TO THE 

STUDY OF BOT.^NV : Flowering Pfajits. BfJ. BreTLAND FAfeMEM, F.iLS>, 
M,A., Professor of Boiacy in the Rofat CoUege of Scknoe, London. With iftt 
tihwntiona. Crown ivo^ ai* 6d. 
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BOTAKV AND OhfiUE^HlHO-CoHifMued. 

KITCHENER— A YEAR'S BOTANY, Adapted to Home and 

School Use, By Francej; A. Kitchener. With 191^ lllusirationi, Cr. 8vo., 5J. 

UNDLEY Aj^D MOORE.— THE TREASURY OF BOTANY, 

Edited hy J, LiVDLKV, M,D,, F.R.S.^ and T. Moore, F.L.S. With so Steel 
Plates and numerous Woodcuts. Two parts, Fcp, 8vo,, laj. 

McNAB.—CLASS-nOOK OF BOTANY. By W. R. McNab. 

MORPHOLOGY AND PHYSl- ' ClJVSSiri CATION OF PLANTS, 
OLOGY. With 4t Diagi-ams. ' With it8 Diagrams. Fcp. 8vo,, 

Fcp. 8vo*. ij. 6*f. u. 6rf. 

SOEA UER.—k POPULAR TREATISE ON THE PHYSIO- 

LOGY OF PU-^NTS, By Dr. Pali, Sorauer. Tmaskted by F, E. Weiss. 

B.Sc,, F.L.S* With 33 tf lustrations. Svo,, qj. net* 

THOME AJVD BEmVETT.STKUCTVRAh AND PHYSIO- 
LOGICAL BOTANY. Bv Otto Wit-helm Thom^- ajid by Ai-kked W. 
Ben n ett , B. Sc. , F. L.S* With Coloured Map an d 600 Woodcut s. Fcp, 8 vo. , 61 . 

rZ7^-^t^^— DISEASES OF PLANTS INDUCED BY 

CRYPTOGAM IC PARASITES, Ititroduction to the Study of Pathogenic 
Fungi, Slime Fungi, Bacteria and Atgfc. By Dr, Karl Freiherr von 
Tubeuf. Privatdocctit in the LI ni varsity of Munich. English Edition by 
Wjlliam G. Smith. B.Sc., rh,D., Leeturer on Plant Pbysiologr^ Universky 
ofEdinburgb* With 330 II hist rations. Royal 8vo.. t8j. ni:L 

WATTS.—k SCHOOL FLORA, For the use of Elementary 
Botanical Classes, By W. Marshall Watts, D.Sc. Ijsnd. Cr, Bvo., aj, 6^* 

WEATHERS. — h PRACTICAL GUIDE TO GARDEN 

PLANTS- Containing Descripiions of the Hardiust and most Beaulifui 
Annuals and Biennials, Hardy Herbacwrtis and Bulbous I^renniak^ Hardy 
Water and Bog Plants, Flowenng and Ornamental Trees and Shrubs, Conirefs, 
Hardy Fgrns, Hardy Bambcx>s and other Ornamental Grasses i and also the 
btst kinds of Fruit "and Vegetables that may be grown in the Open Air in the 
British Islands, with Full and Impractical Instmclions as to Culture aod Propa* 
gation. By JOHN WeatHOS, F.FLH,S.t late Assistant Secretary to the Royal 
HorlicuUurrd Society, formerly of the Royal Gardens, Kew, etc* With 15$ 
DiagTamSn Bvo, 

AGRICULTURE. 

v4ZiZ>yj/:^jV:— AGRICULTURAL ANALYSIS. A Manual of 

Quantitative Analysis for Students of Agriculture. By Frank T. Addyhan, 
B,Sc, (Lond.)< F.I.C. With 49 Illustrations. Crown Svo^, 51, net. 

COLEMAN AND A DB YM A N — VKACTiC Ah AGRICUL- 
TURAL CH EMISTRY, By } . Bernard Coleman, A. R,C.Sc, . F, I. C, , and 
Frank T. Aodtman, B,Sc. (LondO- F.LC, With ^4 Illustrations, Crown 
6vo^, li ^. net, 

COOKE.— T\iE FOUNDATIONS OF SCIENTIFIC AGRL 

CULTURE. By Samuel Ctx>KE, A.M., A,MJ,CE.* F.LC, F.G.S,, 
Cof . M . R, H< S. Wi th 8 5 1 llus tra i ions and Ejcaini ttalioa Qu@tions^ Cr. 8 vo, « 41.6/, 

W£BB.—\NofV% by HENRY J. WEBB, Ph.D., B.Sc. (Lond.), 
ELEMENTARY AGRICULTURE. A Text- Book specially 
adapted to the requirements of the Science and Art Departtnent. tbc Junior 
Examination of the Koyal Agricultural Society, and other Elementary E^cami- 
nations. With 34 Illustrations. Crown 8vo., aj, bd. 

AGRICULTURE. A Manual for Advanced Science Studenis. 

With 100 [lltistrations. Crown avo.« 7i, 6</, net. 
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WORKS BY JOHN TYNDALL. aC.L, LLD-, RR,a 
FRAGMENTS OF SCIENCE: a Series of Detached Essays, 

Addresses, and Reviews, a voR Crown 8vo.. t6j. 

Val. I— The Cotntiiuiion of Nirure— Radialloti— Od RmdiiTit He«t m ReUt^oti fc© Ihc 
Cation r and Chemicml Constitutioii of Bodiea — New Chcrr^icAJ React tfint produt^ed by 
Light— Oti Dual and l>i8cssc— Voyage to Algeria lo observe the EcLipae^NiAgmra— 
Th£ PArilJel EDads at Glen Roy— ^Alpine Sculpture — Recent Exp^riine^Ct f>Q F(^- 
Sipml*— Oo the Study of PhKiic*— On Cryitaditie mji6 SUty Cluvace — On Fara- 
Aiaf netic and DiamaKnetic Forcct — Physical Umit« of Solar Chein ii try— Blemen 14117 
MtKuctiflfti— On Fofce— ContTihuiioni to Moleculu Fh/»]c»— Lik ind Letten « 
F^RAQAV^The Copley MedallUt of tBTC^Tbe Copley Medalliat of [li^i—Death by 
Llghtninj^—ScitEicc «nd the SpIj-Hb. 

Vol. 1 1 — Reflec-tioni^ on Prayer and Nituttl Law— Miracles tnd Special Providen4:cA— On 
Prayer aa a Form of Phyalcat F.ncrey--V'it»Inv— Matter »md Force— Sdeotific Ma- 
letiaHsm— An AddrcM to Student?— Scientifii: Use of the tma^ination- The BeiCaat 
Addreaft— Apology for the Belfast Addrens— The Rev. jaurk MjiKTJjifF.AV and the 
Belfast Adtlrc^i— Fermentation, md ita Be^rinet on Surgery and Medicine— S|«n- 
iiineoua Generation— Science and ^lam— Profesior Vihchow i^nd hvolntioa^Tbc 
Electric Light- 

NEW FRAGMENTS, Crown Svo., tox- 6^. 

Ctl^lT^NT^.— The Sabbath— Gocthc'i' Far be nlchxc '—Alom»i Moleculea, and Ether Wave* 
— Cciuni Rumford- Lctuii Pabltur, hi* Life tnd Labours — The Rainbow and its Convener*-- 
AddretP detivejed m the Bir kbeck Inatitution on OLtofeer n, iSa*— Thoni«a VoutiK-^L lie la the 
AliM— Ab^ut Common Water- Pcf^onal Recollections of Thomae Carlyle — On OnveiliDf the 
Statue of Thomas Cartyle— On the Origin, Propagation ^ and Prevention of Phthi»i4^X>lld 
Alpine Jottings— A Morning on Alp Loagen. 
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